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Refer  to  paragraph  9.  5.  '  Note  that  the  ROMs  or  PROMs  used  with  the  IMP-16C  Microprocessor  require 
an  additional  clock  delay  if  the  access  time  is  greater  than  850  nanoseconds.    The  circuit  to  extend  the 
clock  period  for  ROMs  or  PROMs  that  require  access  times  up  to  1.1  microseconds  is  shown  below.     It 
is  required  to  remove  Jumper  W6  on  the  IMP-16C  P.  C.  card  when  implementing  this  circuit. 
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PREFACE 


The  IMP-16C  Application  Manual  provides  information  required  for  a  user  to  become  familiar  with  the  1MP-16C 
microprocessor  functional  and  logic  circuits,  instruction  set,  general  input/output  interfacing,  and  a  general  system 
verification.  With  this  information,  the  user  may  adapt  the  IMP-16C  microprocessor  to  his  particular  application(s). 

This  issue,  order  number  IMP-16C/921C,  pertains  to  the  IMP-16C/200  and  IMP-1 6/300  microprocessors.  The  IMP-16C/ 
200  is  a  pin-compatible  version  of  the  earlier  IMP-1 6C  card,  with  the  layout  changed  to  accommodate  a  second  Control 
Read  Only  Memory  (CROM).  This  second  CROM  may  be  supplied  with  an  extended  instruction  set,  or  the  second 
CROM  can  be  customized  for  special  applications.  The  IMP-1 6C/200  is  supplied  with  only  one  CROM  (programmed 
for  the  basic  instruction  set)  and  with  an  empty  CROM  socket.  The  IMP-1 6C/300  has  two  CROMs,  the  second  CROM 
programmed  for  the  extended  instruction  set  and  inserted  in  the  second  CROM  socket.  This  is  the  only  differerce 
between  the  two  cards. 

The  IMP-1 6C  Interfacing  Guide  (formerly  issued  as  publication  number  4200035 A)  is  presented  as  Supplement  1  to  this 
manual. 

The  material  in  this  manual  is  for  information  purposes  only  and  is  subject  to  change  without  notice. 

Copies  of  this  publication  and  other  National  Semiconductor  publications  may  be  obtained  from  the  sales  offices  listed 
on  the  back  cover. 
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Chapter  1 
GENERAL  INFORMATION 


1.1         IMP-16C  CONFIGURATION 

The  IMP-16C  is  a  1 6-bit  parallel  processor.  It  is  packaged  on  an  8^-by-l  1-inch  printed  wiring  card,  which  is  shown  on 
the  facing  page.  A  144-pin  connector  is  located  on  the  edge  of  the  card  for  connecting  the  IMP-16C  circuits  to  inter- 
facing units. 

The  major  functional  units  of  the  IMP-16C  are  shown  in  figure  1-1  and  are  composed  of  the  following: 


•  Central  Processing  Unit  (CPU) 

•  Clock  Generators 

•  Input  Multiplexer 

•  Data  Buffer 
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Figure  1-1.  1MP-1 6C  Major  Functional  Units 
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The  CPU  is  configured  around  the  National  Semiconductor  GPC/P  (General-Purpose  Controller/Processor)  MOS/LSI 
devices,  as  shown  in  the  simplified  block  diagram  of  figure  1-2.  The  MOS/LSI  devices  consist  of  one  CROM  (Control 
Read  Only  Memory)  and  four  RALUs  (Register  and  Arithmetic  Logic  Units).  Each  RALU  handles  4  bits,  and  a  16-bit 
unit  is  formed  by  connecting  four  RALUs  in  parallel.  A  4-bit-wide  control  bus  is  used  by  the  CROM  to  communicate 
most  of  the  control  information  to  the  RALUs.  The  CPU  includes  provision  for  adding  a  second  CROM  for  an  optional 
extended  instruction  set. 
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Figure  1  -2.  IMP-16C  CPU  Components 
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The  Clock  Generator  provides  the  MOS  clock  drivers  and  CPU  timing  signals.  The  system  clock  is  distributed  outside  of 
the  IMP-16C  for  synchronization  of  peripheral  units  with  the  IMP-16C. 

External  to  the  MOS/LSI  circuits  but  still  within  the  IMP-16C  are  control  flags  for  both  the  IMP-16C  and  external 
interfacing  circuits.  These  control  flags  are  in  addition  to  the  status  flags  that  are  internal  to  the  RALUs.  The  status 
flags  are  discussed  in  the  description  of  the  CPU  in  chapter  2.  The  control  flags  are  discussed  in  chapter  3  under  the 
control  flag  instructions.  Conditional  branches  are  selected  by  the  Conditional  Jump  Multiplexer.  These  branch  con- 
ditions are  discussed  in  chapter  3  under  the  Branch-On-Condition  (BOC)  instruction. 

Data  from  the  user's  peripheral  devices  and  add-on  memory  are  received  by  the  Input  Multiplexer.  Data  from  the  On- 
Card  Memory  are  also  processed  through  the  Input  Multiplexer  en  route  to  the  Central  Processing  Unit. 

Output  data  are  made  available  from  the  1 6-bit  Data  Buffer  via  the  card-edge  connector  to  the  user's  peripheral  devices 
and  add-on  memory.  A  16-bit  address  bus  is  also  brought  out  to  the  card-edge  connector  for  addressing  both  add-on 
memory  and  peripheral  devices. 

The  memory  on  the  IMP-16C  card  consists  of  256  words  of  read/write  memory  and  sockets  for  512  words  of  PROM  or 
ROM.  A  maximum  of  65,536  words  may  be  addressed. 

Chapter  2  contains  a  more-detailed  functional  description  of  the  IMP-16C.  The  instruction  set  is  explained  in  chapter  3. 
Chapter  4  presents  a  circuit-level  description. 


1.2        IMP-16C  OPERATIONAL  FEATURES 

Word  Length  16  bits 

Instruction  Set  43  in  basic  instruction  set;  17  optional  instructions  available  with  extended  set  (macroinstructions 

implemented  by  CPU-resident  microprogram) 


Arithmetic 


Parallel,  binary,  fixed  point,  twos  complement 


Memory 


Addressing 


Typical  Instruction- 
Execution  Speeds 


Input/Output  and 
Control 


256  16-bit  words  of  semiconductor  read/write  memory 

Sockets  for  5  1  2  1 6-bit  words  of  semiconductor  read-only  memory 

Capable  of  addressing  65,536  1 6-bit  words 

Page  size  of  256  words.  For  direct  and  indirect  modes: 

•  Absolute 

•  Relative  to  Program  Counter 

•  Relative  to  Accumulator  2  (indexed) 

•  Relative  to  Accumulator  3  (indexed) 

Register-to-register  addition  -  4.55  microseconds 
Memory-to-register  addition  -  7.7  microseconds 
Register  input/output  -  10.15  microseconds 

16-bit  data-input  port 

16-bit  data-output  bus 

16-bit  address  bus 

6  general-purpose  flags 

4  general-purpose  jump-condition  inputs 

1  general  interrupt  input 

1  control  panel  interrupt  input 


1.3      POWER  AND  ENVIRONMENTAL  REQUIREMENTS 

The  IMP-16C  card  contains  both  standard  TTL  integrated  circuits  and  MOS/LSI  components.  These  circuits  require 
+5-volt  and  -12-volt  5%  regulated  dc  supplies.  In  addition,  the  read/write  memory  on  the  card  requires  a  -9-volt 
supply,  which  can  be  developed  from  the  -12-volt  source.  Typical  current  requirements  are  given  below  for  IMP-16C 
operation  at  maximum  speed;  however,  when  operating  at  lower  speeds,  the  requirements  on  the  -12-volt  and  -9-volt 
supplies  are  a  few  percent  less  than  indicated  below. 


Voltage  and  Current 


+5  volts  at  2.25  amperes 
-12  volts  at  0.5  amperes 
-9  volts  at  0.6  amperes 


When  the  IMP-16C  on-card  memory  is  disabled  (see  appendix  C),  the  -9-volt  power  supply  is  not  needed. 

NOTE 

Refer  to  8.7  of  this  manual  for  operating  procedures;  these  provide  the 
prerequisite  instructions  for  proper  use  of  the  IMP-16C. 


Temperature 


Humidity 


Operating  -  0  to  70°  C 
Storage  -  -20  to  100°  C 

Maximum  of  90%  relative  humidity  without  condensation 


Chapter  2 
IMP-16C  FUNCTIONAL  DESCRIPTION 


2.1         FUNCTIONAL  UNITS  AND  DATA  FLOW 

A  simplified  block  diagram  showing  the  data  flow  among  the  major  functional  units  of  the  IMP-16C  is  given  in  figure 
2-1 .  The  main  components  of  the  Central  Processing  Unit  (CPU)  and  the  Input/Output  Section  are  shown.  The  Clock 
Generator  and  Timing  Control,  the  Control  Flags  and  Conditional  Jump  Multiplexer,  and  the  Memory  are  not  detailed 
at  this  time;  they  are  discussed  in  detail  in  chapter  4. 


2.1.1        INPUT  DATA 

Incoming  data  from  peripheral  units  and  data  from  memory  are  received  by  the  Input  Multiplexer  and  made  available 
directly  to  the  four  Register  and  Arithmetic  Logic  Units  (RALUs)  and  to  the  Data  Buffer  over  a  16-bit  data  bus.  A  4-bit 
bidirectional  bus  connects  each  RALU  to  the  data  bus. 


2.1.2   DATA  AND  ADDRESS  TRANSFERS 

Both  addresses  and  data  are  transferred  from  the  Data  Buffer  over  the  16-bit  Buffered  Data  Out  (BDO)  bus.  This  bus  is 
brought  out  to  pins  on  the  card-edge  connector  for  transferring  data  to  peripheral  units  and  off-card  memory.  The  on- 
card  memory  receives  data  directly  from  the  BDO  bus.  Addresses  are  loaded  into  the  Address  Latches,  from  which  they 
are  brought  out  to  another  set  of  pins  on  the  card-edge  connector.  Addresses  are  also  routed  to  the  on-card  memory 
directly  from  the  Address  Latches. 


2.1.3       CENTRAL  PROCESSING  UNIT  (CPU)  COMMUNICATIONS 

Communications  between  the  CROM(s)  and  the  RALUs  are  effected  over  a  4-bit  control  bus.  Because  these  units 
constitute  the  main  part  of  the  control  and  data  processing  capability  of  the  IMP-16C,a  comprehensive  description  of 

them  follows. 

Controlling  the  operations  of  the  CPU  is  the  Control  Read-Only  Memory  (CROM).  The  control  is  effected  by  routines 
that  constitute  the  microprogram  stored  in  the  Read-Only  Memory  of  the  CROM.  The  microprogram  effects  the 
implementation  of  macroinstructions  that  comprise  the  IMP-16C  instruction  set,  with  an  expanded  set  available  in  a 
second  CROM. 

Because  the  actual  data  processing  takes  place  in  the  four  4-bit  Register  and  Arithmetic  Logic  Units  (RALUs),  they  are 
described  first  (2.2)  to  establish  a  basis  for  their  control  by  the  Control  Read-Only  Memory  (CROM)  and  also  for  the 
descriptions  of  the  IMP-16C  instruction  set  described  in  chapter  3. 


2.2        REGISTER  AND  ARITHMETIC  LOGIC  UNITS  (RALUs) 

Four  4-bit  RALUs  constitute  the  Arithmetic  Section  shown  in  figure  2-2.  This  section  includes  the  following  major' 

units: 

•  Input/Output  Multiplexer 

•  Last-In/First-Out  Stack  (LIFOS) 


•  16  Status  Flags,  storable  and  retrievable  as  a  16-bit  register 

-  Link  Flag  (L) 

-  Carry  Flag  (CY) 

-  Overflow  Flag  (OV) 

-  13  General-Purpose  Flags  (two  of  which  are  directly  accessible  to  user  at  the  edge  connector) 

•  Program  Counter  (PC) 

•  Memory  Data  Register  (MDR) 

•  Memory  Address  Register  (MAR) 

•  4  Accumulators  (ACO,  AC  1 ,  AC2,  and  AC3) 

•  Arithmetic  and  Logic  Unit  (ALU) 

•  Shifter 

•  Buses 

The  functions  of  these  units  are  described  in  the  following  paragraphs. 

2.2.1  INTERNAL  BUSES 

Three  buses  are  internal  to  the  RALU:  A-bus,  B-bus,  and  R-bus.  These  buses  are  described  below. 

A-Bus  (Operand  Bus).  The  contents  of  all  RALU  registers  may  be  loaded  onto  the  A-bus,  data  from  the  top  of  the  Last- 
In/First-Out  (LIFO)  stack  and  from  the  RALU  Status  Flags  (combined  as  a  16-bit  word)  may  be  loaded  as  operands. 
During  such  loading  on  the  A-bus,  the  data  may  be  complemented  under  control  of  the  CROM.  The  contents  of  the 
A-bus  may  be  gated  through  the  ALU  and  Shifter  to  the  R-bus  or  out  of  the  RALU  to  the  IMP-16C  data  bus  through 
the  Input/Output  Multiplexer. 

B-Bus  (Operand  Bus).  The  contents  of  all  RALU  registers  may  be  loaded  onto  the  B-bus.  The  contents  of  the  B-bus  may 
be  loaded  only  into  the  Arithmetic  and  Logic  Unit  (ALU). 

R-Bus  (Result  Bus).  The  R-bus  serves  to  transfer  the  results  of  ALU  operations  to  any  RALU  register,  the  LIFOS,  and 
the  RALU  flags. 

2.2.2  LAST-IN/FIRST-OUT  STACK  (LIFOS) 

Each  RALU  has  a  stack  that  operates  on  a  last-in/ first-out  basis.  The  stack  is  16  words  high  and  is  accessible  through 
the  top  location.  The  16-bit-per-word  stack  of  figure  2—2  is  contained  in  the  four  4-bit  RALUs  comprising  the  Arith- 
metic Section.  A  16-bit  data  word  is  entered  via  the  R-bus  and  retrieved  via  the  A-bus.  As  a  word  is  entered  into  the 
top  location  of  the  stack,  the  16  bits  in  the  top  location  are  pushed  down  one  level,  and  the  entered  bits  occupy  the 
top  location.  The  contents  of  each  lower  level  are  replaced  by  the  contents  of  the  next  higher  location,  and  the  con- 
tents of  the  bottom  location  are  lost.  The  reverse  process  occurs  when  a  word  is  retrieved  from  the  stack;  in  this  case, 
zeros  are  entered  into  the  bottom  location. 

The  stack  is  used  primarily  for  saving  of  status  during  interrupts  and  for  temporary  storage  of  subroutine  return 
addresses.  It  may  also  be  used  to  temporarily  store  data  using  the  appropriate  instructions,  described  in  chapter  3. 

2.2.3  RALU  FLAGS 

There  are  16  RALU  status  flags.  These  flags  may  be  pushed  onto  the  stack  for  temporary  storage  during  interrupt 
processing.  The  flags  may  be  transferred  back  into  their  respective  flag  flip-flops  after  completion  of  the  interrupt 
service.  Whenever  the  status  flags  are  manipulated,  the  entire  complement  of  flags  is  configured  as  a  16-bit  register;  the 
L  (link),  CY  (carry),  and  OV  (overflow)  flags  are  the  first,  second,  and  third  most  significant  bits,  respectively,  and  the 
remaining  general-purpose  flags  comprise  the  13  less  significant  bits.  The  CY  or  the  OV  flags  may  be  selected  for  output 
on  the  CYOV  line  from  the  RALUs,  under  control  of  the  SEL  control  flag.  For  SEL  control  flag  usage,  see  4.3. 
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16-BIT  SECTION 


NO.  4 

RALU 

H — I — h 


NO.  3 

RALU 

H — I — h 


NO.  2 
RALU 
H — I — I- 


NO.  1 
RALU 
I     I     I 


15  141312  11  10   9    8    7    6    5    4    3    2    1     0 


DATA  BUS 


INPUT/OUTPUT  MULTIPLEXER 


LAST-IN/FIRST-OUT  STACK 
(LIFOS)  -   16  WORDS 


STATUS  FLAGS 
L  OVCY  FFFFFFFFFFFFF 


PROGRAM  COUNTER  (PC) 


MEMORY  DATA  REGISTER  (MDR) 


MEMORY  ADDRESS  REGISTER  (MAR) 


ACCUMULATOR  0  (ACO) 


ACCUMULATOR   1   (AC1) 


ACCUMULATOR  2  (AC2) 


ACCUMULATOR  3  (AC3) 


R-BUS 


B-BUS 


SHIFTER 


ARITHMETIC 
AND  LOGIC 
UNIT  (ALU) 


COMPLEMENTER    4 


A-BUS 


CONTROL  BIT 
FROM  CROM 
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Figure  2-2.  IMP-16C  16-Bit  Arithmetic  Section 


2.2.4  PROGRAM  COUNTER  (PC) 

The  Program  Counter  (PC)  holds  the  address  of  the  next  instruction  to  be  executed.  It  is  incremented  by  1  immediately 
following  the  fetching  of  each  instruction  during  execution  of  the  current  instruction.  When  there  is  a  branch  to  another 
address  in  the  main  memory,  the  branch  address  is  set  into  the  Program  Counter.  A  skip  instruction  merely  increments 
the  Program  Counter  by  1,  thus  causing  the  one  instruction  to  be  skipped. 

2.2.5  MEMORY  DATA  REGISTER  (MDR)  AND  MEMORY  ADDRESS  REGISTER  (MAR) 

The  Memory  Data  Register  (MDR)  holds  data  transferred  from  the  main  memory  to  the  processor,  or  vice  versa.  When 
fetching  data,  the  effective  address  is  placed  in  the  Memory  Address  Register  (MAR),  and  the  fetch  instruction  causes 
the  data  word  to  be  transferred  from  the  designated  main-memory  location  to  the  Memory  Data  Register.  Conversely, 
when  storing  data  in  the  main  memory,  the  data  word  is  placed  in  the  Memory  Data  Register,  the  effective  address  is 
placed  in  the  Memory  Address  Register,  and  the  store  instruction  causes  the  data  word  to  be  transferred  to  the 
designated  memory  location. 

2.2.6  ACCUMULATORS  ACO,  AC1,  AC2,  AND  AC3 

The  accumulators  hold  operands  for  data  manipulation  during  arithmetic  and  logical  operations.  Also,  the  result  of  an 
operation  is  usually  stored  temporarily  in  one  of  the  four  accumulators.  Data  words  may  be  fetched  from  memory  to 
the  accumulator  or  stored  from  the  accumulator  into  memory.  The  particular  accumulator  to  take  part  in  an  operation 
is  specified  by  the  programmer  in  the  appropriate  instruction. 

2.2.7  ARITHMETIC  AND  LOGIC  UNIT  (ALU),  SHIFTER,  AND  COMPLEMENTER 

The  Arithmetic  and  Logic  Unit  (ALU)  performs  both  arithmetic  and  logical  operations:  binary  addition,  AND,  OR,  and 
exclusive  OR.  Arithmetic  and  logical  operations  are  effected  by  the  microprogram  that  is  part  of  the  CROM.  The 
IMP-16C  performs  arithmetic  using  the  twos-complement  technique.  The  contents  of  the  A-bus  may  be  selectively 
complemented  under  control  of  control  bits  from  the  CROM. 

The  output  of  the  Arithmetic  and  Logic  Unit  is  transferred  to  the  R-bus  through  the  Shifter  and  may  then  be  stored  in 
the  stack  or  any  of  the  RALU  registers.  The  Shifter  is  capable  of  performing  a  single-position  shift,  either  to  the  left  or 
to  the  right,  during  each  basic  machine  cycle. 

2.2.8  INPUT/OUTPUT  MULTIPLEXER 

The  Input/Output  Multiplexer  handles  data,  address,  and  instruction  transfers  into  and  out  of  the  RALU  from  or  into 
the  main  memory  and  peripheral  devices  on  a  time-multiplexed  basis.  As  shown  in  figure  2-2,  output  data  (to  data 
bus)  must  be  received  from  the  A-bus,  and  input  data  passes  from  the  Input/Output  Multiplexer  to  the  R-bus. 


2.3    CONTROL  AND  READ-ONLY  MEMORY  (CROM) 

Figure  2-3  is  a  simplified  block  diagram  emphasizing  the  role  of  the  CROM  and  four  RALUs  as  part  of  the  IMP-16C. 
Data  buffers  are  provided  between  the  CPU  MOS/LSI  devices  and  other  parts  of  the  equipment  that  have  been  imple- 
mented with  TTL  logic.  These  buffers  are  TR1-STATE®  logic  elements  that  permit  bus-connected  inputs. 

The  primary  control  of  the  RALU  devices  is  accomplished  over  the  4-bit  control  bus.  The  control  bus  is  time- 
multiplexed  to  transfer  four  4-bit  words  of  control  information  per  machine  cycle.  The  functions  effected  by  the 
control  bits  are  indicated  in  figure  2  -4. 
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CLOCKS  < 
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CROM 
CONTROL -( 
BITS 
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FLAGS 

INPUT/OUTPUT 

JUMP  CONDITION 

MULTIPLEXER 
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R-BUS  OUT 


PH1 


A-BUS 


STACK 
PUSH/PULL 


TIME  PHASES- 


T1  T2  T3  T4  T5  T6  T7  T8 
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FUNCTION 
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FUNCTION 
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J    RESET    | 


OUTPUT  |_ 
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1  MICROCYCLE  (1.4  ^s) 


Figure  2-4.  IMP-16C  Timing  Control 
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The  CROM  contains  a  microprogram  that  implements  the  standard  instruction  set.  This  microprogram  resides  in  a  100- 
ty-23-bit  ROM.  During  an  instruction  fetch,  the  9  most  significant  bits  of  the  instruction  word  are  transferred  to  the 
CROM;  these  9  bits  comprise  the  opcode  and  other  pertinent  control  fields  of  an  instruction  word.  The  instruction  bits 
are  decoded,  and  then  the  ROM  Address  Control  in  the  CROM  directs  the  control  sequence  to  an  entry  point  in  the 
microprogram.  The  sequence  continues  until  execution  of  the  fetched  instruction  is  completed.  Then,  the  CROM  goes 
through  another  fetch  cycle  to  fetch  the  next  instruction  from  memory.  This  process  is  continuously  repeated. 


2.4        IMP-16C  TIMING 

The  basic  machine  cycle  of  the  IMP-16C  consists  of  the  execution  of  a  single  microprogram  step.  This  cyclic  time 
period  comprises  eight  time  intervals:  Tl,  T2, . . .  ,T8.  As  indicated  in  the  timing  diagram  of  figure  2—4,  clock  pulses 
(phases  1,3,5,  and  7)  occur  in  the  four  clock  lines  at  the  respective  odd-time  periods  Tl ,  T3,  T5,  and  T7. 


2.4.1        EFFECT  OF  CONTROL  BITS 

NOTE 

The  effects  of  the  CROM  control  bits  described  in  2.4.1  are  presented 
for  completeness  to  show  their  relationship  to  the  other  signals  in  figure 
2—4.  Comprehension  of  this  description  is  not  required  to  understand 
the  operation  of  the  IMP-16C  and,  for  this  reason,  may  be  deferred  for 
later  reading. 

The  encoding  of  the  control  bits  shown  in  figure  2-4  for  the  4-line  time-multiplexed  control  bus  (between  the  CROM 
and  the  RALU)  is  described  below  for  each  of  the  four  time  phases.  It  is  during  these  time  phases  that  control  informa- 
tion is  transferred  from  the  CROM  to  the  RALU.  Control  bus  lines  are  designated  CBO  through  CB3. 

Phase  1  Control  Bits 

•  If  the  3-bit  A-bus  address  field  is  nonzero,  the  contents  of  the  RALU  register  designated  in  the 
macroinstruction  are  gated  onto  the  A-bus. 

•  If  the  A-bus  address  field  is  zero  and  the  push-pull  control  bit  is  "1,"  the  LIFO  Stack  is  pulled, 
and  the  contents  of  the  top  of  the  stack  are  gated  onto  the  A-bus. 

•  If  the  A-bus  address  field  is  zero  and  the  push-pull  control  bit  is  "0,"  then  a  value  of  zero  is  gated 
onto  the  A-bus. 

NOTE 

Pushing  data  onto  the  stack  is  also  contingent  on  the  push-pull  control 
bit  and  is  described  under  Phase  7  Control  Bits,  where  the  operation 
occurs. 

Phase  3  Control  Bits 

•  If  the  3-bit  B-bus  address  field  is  nonzero,  then  the  contents  of  the  register  designated  in  the 
macroinstruction  are  gated  onto  the  B-bus. 

•  If  the  B-bus  address  field  is  zero,  a  value  of  zero  is  gated  onto  the  B-bus. 

•  The  Complement  A-bus  bit  causes  the  A  input  to  the  ALU  to  be  complemented. 
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Phase  5  Control  Bits 

•   The  ALU  bits  designate  a  function  according  to  table  2-1 . 

Table  2-1.  ALU  Function  Bits 


Code 

Function 

00 
01 
10 

11 

AND 
XOR 
OR 
ADD 

The  Control  Function  bits  designate  a  function  according  to  table  2.-2.  The  no-op  function  applies 
only  to  the  Control  Function  field.  The  expression  R  «-  0/SIGN  means  that  either  zeros  or  the  sign 
of  the  less  significant  byte  of  the  word  being  transferred  to  the  R-bus  is  propagated  throughout  the 
more  significant  byte.  (If  the  fourth  control  bit  CB3  is  "1"  during  phase  7,  the  sign  is  propagated; 
otherwise,  zero  is  propagated.) 


Table  2-2.  Control  Function  Bits 


Code 

Function 

00 

No-Op  (no  operation  for  control  bits  only) 

01 

R  <-  0/SIGN  (zero  or  sign  propagation) 

10 

LSH  (Left  Shift) 

11 

RSH  (Right  Shift) 

Phase  7  Control  Bits 


If  the  3-bit  R-bus  field  is  nonzero,  the  contents  of  the  R-bus  are  gated  into  the  register  addressed 
by  this  field. 

If  the  Control  Function  bits  transferred  during  phase  5  do  not  specify  R<- 0/SIGN  (see  table  2-2), 
then  CB3  specifies  the  source  of  the  data  gated  onto  the  R-bus: 

-  If  CB3  is  "0,"  the  source  is  the  output  of  the  ALU. 

-  If  CB3  is  "1,"  the  data  comes  from  an  external  source  via  the  Data  Multiplexer. 

If  R  «-  0/SIGN  is  specified,  then  CB3  specifies  whether  zero  or  the  sign  is  propagated  throughout 
the  more  significant  byte. 

If  the  R-bus  address  is  zero  and  the  push-pull  control  bit  was  active  (during  phase  1),  a  data  word 
is  pushed  onto  the  LIFO  Stack  from  the  R-bus. 
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2.4.2  MISCELLANEOUS  TIMING  SIGNALS 

The  control  of  the  Flag  Flip-Flops  is  indicated  on  the  timing  diagram  (figure  2-4).  A  unique  flag  address  is  established 
during  each  machine  cycle;  at  T2  the  flag  may  be  set,  and/or  at  T6  the  flag  may  be  reset.  It  is  thus  possible  to  set,  reset, 
or  pulse  a  flag  during  a  single  machine  cycle. 

The  Conditional  Jump  Multiplexer  shares  the  same  address  lines  as  the  Flag  Flip-Flops.  If  a  conditional  jump  is  being 
performed,  the  condition  is  tested  during  T2. 

2.4.3  DATA  TRANSFER  TIMING 

Data  transfers  between  the  RALU  and  the  Data  Bus  may  occur  at  three  times  during  each  microcycle: 

•  During  T4,  the  data  word  presently  on  the  A-bus  is  gated  onto  the  Data  Bus.  The  information  that 
appears  on  the  Data  Bus  at  this  time  either  is  output  data  destined  for  memory  or  an  external 
device,  or  is  an  address  value  used  for  loading  the  Address  Register  latch  (shared  by  memory  and 
external  devices). 


• 


• 


At  T2,  the  contents  of  the  R-bus  (result  of  preceding  microcycle)  are  gated  onto  the  Data  Bus. 
Primarily,  the  data  provide  inputs  to  the  Conditional  Jump  Multiplexer  to  permit  testing  of  the 
result  of  the  operation  performed  on  the  previous  microcycle. 

During  T7,  data  to  be  transferred  to  the  RALU  appear  on  the  Data  Bus.  The  data  may  then  be 
gated  onto  the  R-bus  by  the  RALU's  Input/Output  Multiplexer  and,  subsequently,  may  be  stored 
in  one  of  the  working  registers  (ACO  through  AC3). 


2.5        IMP-16C  OPERATION 

A  flowchart  of  the  events  that  occur  during  a  typical  operation  of  the  IMP-16C  is  given  in  figure  2—5.  The  various 
events  are  further  elaborated  upon  in  the  following  paragraphs. 

2.5.1        INITIALIZATION 

When  power  is  first  applied  to  the  processor,  all  RALU  registers,  flags,  and  the  stack  are  cleared  to  zero.  The  micro- 
program then  enters  an  initialization  sequence,  in  which  the  Program  Counter  (PC)  is  set  to  a  starting  value  of  FFFEis 
(the  next-to-last  location  in  the  top  page  of  memory,  assuming  a  maximum  of  2 16  memory  locations).  The  reasons  for 
choosing  this  location  over  location  0000^  or  any  other  location  can  be  explained  as  follows.  In  most  applications,  the 
first  few  executable  statements  in  a  macroprogram  are  usually  initialize  routines  and  other  program  segments  of  a  super- 
visory nature.  By  keeping  these  in  the  top  portion  of  memory,  the  supervisor  programs  can  be  stored  in  ROM  for  non- 
volatility.  Since  the  base  page  is  directly  accessible  from  anywhere  in  memory,  it  is  desirable  for  it  to  be  implemented 
with  read/write  memory. 


2.5.2       INSTRUCTION  FETCH 

Following  the  initialize  sequence,  control  is  transferred  to  the  first  step  in  the  fetch  microroutine.  During  this  firs' 
microcycle  of  the  fetch  routine,  the  contents  of  the  Program  Counter  (PC)  are  sent  out  on  the  data  bus  at  T4;  at  the 
same  time,  the  Read  Memory  Flag  is  set  high.  This  causes  the  external  Address  Register  to  be  loaded  with  the  contents 
of  the  PC.  The  Read  Memory  Flag  actuates  a  read  operation  in  the  system  memory.  During  T7  of  the  same  microcycle. 
the  Uvbil  instruction  comes  back  from  memory  ready  to  be  decoded.  At  that  time,  bits  0  through  7  are  placed  in  the 
RALU  Memory  Data  Register,  and  bits  7  through  15  are  loaded  into  the  CROM.  Bits  8  through  15  of  the  Memory  Data 
Register  are  set  equal  to  the  value  of  bit  7. 
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LIFOS  CLEARED  (TO  ZERO) 


LOAD  (PC)  ONTO  DATA  BUS 


ENTER  (PC)   INTO 
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PROGRAM  COUNTER  SET  TO  FFFE16 


PULSE  READ  MEMORY  FLAG 


ACTUATE  READ 
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INSTRUCTION  RECEIVED 
FROM  MEMORY 


BITS  0-7  OF  INSTRUCTION  WORD 
TO  MEMORY  DATA  REGISTER 


(PC)   INCREMENTED  BY   1 
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9  SELECTED  BITS  OF 
INSTRUCTION  WORD  TO  CROM 
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INTERPRETS  AS 
INSTRUCTION 


EXECUTE  INSTRUCTION 
IN  LOCATION  1 


COMPUTE  EFFECTIVE  ADDRESS 


TRANSFER  DATA  FROM  MEMORY 
TO  DESIGNATED  REGISTER 


EXECUTE  INSTRUCTION 


Figure  2-5.  IMP-16C  Instruction  Execution  Flowchart 
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In  the  next  microcycle,  the  Program  Counter  is  incremented  to  point  to  the  next  consecutive  memory  location. 

A  decision  is  made  as  to  whether  the  instruction  just  read  in  needs  to  make  reference  to  memory.  If  it  does  not  (for 
register-register  operations  and  other  nonmemory  reference  instructions),  then  the  instruction  decode  circuit  steers 
control  to  a  microprogram  entry  point  that  corresponds  to  the  particular  instruction.  If  the  instruction  requires  a 
memory  reference,  then  two  additional  microprogram  steps  are  required  to  compute  an  effective  address  and  to  bring 
in  the  new  word:  first,  the  memory  address  is  computed,  and,  second,  the  data  word  is  transferred  from  memory  to  the 
register  designated  by  the  preceding  instruction. 


2.5.3       COMMUNICATIONS  WITH  MEMORY 

During  a  memory-read  operation,  the  microprogram  sends  an  address  on  the  data  bus  at  T4;  this  address  is  loaded  into 
the  Address  Register  under  control  of  the  Read  Memory  Flag.  Similarly,  during  a  write-memory  operation,  the  address 
is  loaded  under  control  of  the  Load  Address  Flag.  These  flags  are  further  discussed  in  chapter  3. 

When  executing  a  memory-read  operation,  the  processor  sends  out  an  address  on  the  bus  at  T4  and  expects  data  back 
at  T7  of  the  same  microcycle.  A  circuit,  described  in  chapter  4,  is  included  on  the  IMP-16C  card  to  extend  the  interval 
between  T4  and  T7  to  accommodate  memories  whose  access  times  are  longer  than  the  normal  T4-to-T7  interval. 

A  memory-write  operation  takes  2  microcycles,  because  both  address  and  data  have  to  be  sent  out.  The  address  is  sent 
out  during  T4  of  the  first  microcycle  and  is  latched  in  the  address  register.  The  output  data  destined  for  memory  arrives 
during  T4  of  the  next  microcycle  and  can  be  used  directly  to  write  memory.  In  the  IMP-16C,  T4  is  stretched  for  two 
additional  periods  to  accommodate  both  the  read  and  write  delays  necessary  to  communicate  with  the  system  memory. 


2.5.4       EXECUTION  OF  INSTRUCTIONS 

The  CROM  in  the  IMP-16C  contains  a  microprogram  that  implements  the  standard  instruction  set.  Each  macroinstruc- 
tion  in  a  user's  program  is  brought  into  the  processor  under  control  of  the  CROM's  microprogram  instruction  fetch 
routine.  This  instruction  is  then  decoded,  and  the  ROM  Address  Control  in  the  CROM  directs  the  control  sequence  to 
an  entry  point  in  the  microprogram.  The  sequence  continues  until  execution  is  completed.  Then,  the  CROM  goes 
through  another  instruction-fetch  cycle  to  bring  in  the  next  macroinstruction.  The  process  is  repeated  continuously 
until  directed  otherwise  by  a  macroinstruction  such  as  Halt  or  an  interrupt  condition. 

A  test  for  an  interrupt  condition  is  made  at  the  beginning  of  each  instruction  fetch.  If  the  interrupt  line  is  high,  the 
CROM  transfers  control  to  a  microprogram  sequence  that  determines  the  type  of  interrupt  that  occurred.  If  a  control 
panel  interrupt  is  not  active,  the  CROM  assumes  that  a  general  interrupt  is  in  effect.  For  a  general  interrupt,  the 
contents  of  the  PC  are  saved  on  the  stack,  and  then  the  Interrupt  Routine  in  memory  location  1  is  executed;  otherwise, 
the  Control  Panel  Subroutine  is  executed. 
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Chapter  3 
IMP-16C  INSTRUCTION  SET 


3.1  INTRODUCTION 

Eight  functional  types  of  instructions  comprise  the  basic  IMP-16C  instruction  set: 

•  Load  and  Store 

•  Arithmetic 

•  Logical 

•  Skip 

•  Shifts 

•  Transfer  of  Control 

•  Register 

•  Input/Output  and  Miscellaneous 

The  instructions  for  each  functional  type  are  described  as  a  group.  For  each  instruction,  the  name  of  the  instruction, 
its  mnemonic,  its  word  format,  its  operation  in  the  form  of  an  equation,  and  a  succinct  explanation  of  its  operation  are 
given.  A  tabulated  summary  of  each  type  of  instruction  precedes  the  detailed  descriptions.  An  extended  instruction  set 
(available  as  an  option)  is  described  in  3.7. 

Before  describing  the  instructions,  brief  descriptions  of  the  registers  referred  to  in  the  instruction  descriptions  are  given. 

The  IMP-16C  instructions  and  their  assembler  language  opcode  mnemonics  are  summarized  in  appendix  A. 

3.2  ARITHMETIC  AND  LOGIC  UNITS  REFERENCED  IN  IMP-16C  INSTRUCTIONS 

The  units  referenced  in  the  ensuing  description  of  the  1MP-16C  instructions  are  listed  below  and  are  shown  in  block 
diagram  form  in  figure  3  —  1. 

•  Last-In/First-Out  Stack  (L1FOS) 

•  Register  and  Arithmetic  Logic  Unit  (RALU)  Flags 

•  Program  Counter  (PC) 

•  Accumulator  0  (ACO) 

•  Accumulator  1  (AC1) 

•  Accumulator  2  (AC2) 

•  Accumulator  3  (AC3) 
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Figure  3-1.  Arithmetic  and  Logic  Units 
Referenced  in  IMP-16C  Instructions 


3.2.1        LAST-IN/FIRST-OUT  STACK  (LIFOS) 

The  IMP-16C  has  a  hardware  stack  that  data  may  be  stored  in  or  retrieved  from  on  a  last-in/first-out  basis.  The  stack  is 
1 6  words  deep  and  is  accessible  through  the  top  location.  As  a  data  word  is  entered  into  the  stack,  the  contents  of  the 
top  location  and  each  other  location  are  pushed  downward  to  the  next  lower  level;  if  the  stack  is  full,  the  word  in  the 
bottom  location  is  lost.  Conversely,  the  contents  of  the  top  location  are  pulled  from  the  stack  during  retrieval  of  a  data 
word;  the  top  location  and  each  lower  location  are  replaced  by  the  contents  of  the  next  lower  location,  and  zeros  are 
entered  into  the  bottom  location. 

The  stack  is  used  primarily  for  saving  status  during  interrupts  and  for  saving  subroutine  return  addresses.  It  may  be  used 
also  for  temporary  storage  of  data  using  the  PUSH,  PULL,  XCHRS,  PUSHF,  and  PULLF  instructions  (described  later 
in  this  chapter). 


3.2.2        REGISTER  AND  ARITHMETIC  LOGIC  UNIT  (RALU)   FLAGS 

There  are  16  RALU  status  flags.  These  flags  may  be  pushed  onto  the  stack  (saved)  or  may  be  loaded  from  the  stack 
(restored).  During  such  operations,  the  flags  are  configured  as  a  16-bit  word:  the  L  (Link),  CY  (Carry),  and  OV 
(Overflow)  flags  are  the  first,  second,  and  third  most  significant  bits,  respectively,  and  the  remaining  13  general-purpose 
flags  comprise  the  remaining  13  less  significant  bits  (figure  3-11). 


Flags  0  and  12  are  externally  available.  The  L  flag  is  primarily  used  in  some  shifting  operations,  and  the  CY  and  OV 
flags  are  adjuncts  for  arithmetic  operations.  The  specific  uses  of  the  flags  are  elaborated  upon  in  the  appropriate 
instruction  descriptions. 


3.2.3  PROGRAM  COUNTER  (PC) 

The  Program  Counter  (PC)  holds  the  address  of  the  next  instruction  to  be  executed.  When  there  is  a  branch  to  another 
address  in  the  main  memory,  the  branch  address  is  set  into  the  Program  Counter.  A  skip  instruction  merely  increments 
the  Program  Counter  by  1 ,  thus  causing  the  one  instruction  to  be  skipped. 

3.2.4  ACCUMULATORS  0,  1,  2,  AND  3  (ACO,  AC1,  AC2,  AND  AC3) 

The  accumulators  are  used  as  working  registers  for  data  manipulation.  Data  may  be  fetched  from  a  location  in  memory 
to  an  accumulator,  and  may  be  stored  from  an  accumulator  to  a  location  in  memory.  The  particular  accumulator  to 
take  part  in  an  operation  is  specified  by  the  programmer  in  the  appropriate  instruction. 


3.3        DATA  AND  INSTRUCTIONS 

3.3.1        DATA  REPRESENTATION 

Data  are  represented  in  the  1MP-16C  in  twos-complement  integer  notation.  In  this  system,  the  negative  of  a  number  is 
formed  by  complementing  each  bit  in  the  data  word  and  adding  1  to  the  complemented  number.  The  sign  is  indicated 
by  the  most  significant  bit.  In  the  16-bit  word  of  the  IMP-16C,  when  bit  15  is  a  "0,"  it  denotes  a  positive  number;  when 
it  is  a  "1 ,"  it  denotes  a  negative  number.  Maximum  number  ranges  for  this  system  are  7FFFi6  (+32767  iq)  and  8000^ 
(-32768 jo).  The  carry  flag  is  set  to  the  value  of  the  most  significant  bit  position  (bit  15)  resulting  from  an  add 
operation.  The  overflow  flag  is  set  to  "  1 "  if  two  numbers  having  like  signs  are  added  and  the  sign  of  the  resulting  sum  is 
different  from  that  of  the  operands. 


3.3.2        INSTRUCTIONS 

There  are  eight  classes  of  IMP-16C  instructions.  Each  class  of  instruction  and  the  associated  instructions  are  summa- 
rized in  a  table  preceding  the  descriptions  of  the  instructions.  Also,  the  applicable  instruction  word  formats  are  defined. 


3.4         MEMORY  ADDRESSING 

The  IMP-16C  instruction  set  provides  for  direct  and  indirect  memory  addressing.  For  direct  addressing,  three  distinct 
modes  are  available:  base  page  (or  absolute),  program-counter  relative,  and  indexed.  The  mode  of  addressing  is  specified 
by  the  XR  field  of  the  simplified  instruction  word  format  shown  in  figure  3—2. 


15   |           |           |           |           |     10 

9     |      8 

7     I            I            I            I            I            I            I      0 

OPERATION    CODE 

XR 

FIELD 

DISPLACEMENT    FIELD 

Figure  3-2.  Instruction  Word  for  Addressing  Memory 


3.4.1        BASE  PAGE  ADDRESSING 


When  the  XR  field  is  00,  it  specifies  base  page  addressing.  Base  page  is  directly  accessible  from  any  location  in  the 
address  space  of  the  memory.  In  this  mode,  the  effective  address  is  formed  by  setting  bits  8  through  15  to  zero  and 
using  the  value  of  the  8-bit  displacement  field  as  an  absolute  address.  Up  to  256  words  (locations  0  through  255)  may 
be  addressed  in  this  way. 
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3.4.2        PROGRAM-COUNTER   RELATIVE  ADDRESSING 

Program-counter  relative  addressing  is  specified  when  the  XR  field  is  01 .  The  displacement  is  treated  as  a  signed  number 
such  that  its  sign  bit  (bit  7)  is  propagated  to  bits  8  through  15,  and  the  effective  address  is  formed  by  adding  the  con- 
tents of  the  PC  to  the  resulting  number.  This  permits  PC-relative  addressing -128  and  +127  locations  from  the  PC  value; 
however,  at  the  time  of  formation  of  the  address,  the  PC  has  already  been  incremented  in  the  microprogram  and  is 
pointing  to  the  next  macroinstruction.  Because  of  this,  the  actual  addressing  range  is  from  -127  to  +128  from  the 
current  instruction. 


3.4.3        INDEXED  ADDRESSING 

Indexed  addressing  is  done  with  reference  to  Accumulator  2  or  3  (AC2  or  AC3).  In  this  mode,  the  displacement  field  is 
again  interpreted  as  a  signed  8-bit  number  from  - 1 28  to  + 1 27  with  the  sign  (bit  7)  extended  through  bits  8  through  1  5 . 
The  contents  of  the  chosen  index  register  (AC2  when  xr  =  IO2  and  AC3  when  xr=  1  H)  are  added  to  the  number  formed 
from  the  displacement  value  to  yield  an  effective  address  that  can  reach  any  location  in  65,536  words  of  memory. 


Table  3-1 ,  Summary  of  Addressing  Modes 


XR  Field 

Addressing  Mode 

Effective  Address 

Range 

00 

Base 

EA  =  disp 

0  <  disp  <  255 

01 

Relative  to  Program  Counter 

EA  =  disp  +  (PC) 

-128  <  disp  <  127 

10 

Relative  to  AC2 

EA  =  disp  +  (AC2) 

-128<disp<  127 

11 

Relative  to  AC3 

EA  =  disp  +  (AC3) 

-128  <  disp<  127 

3.4.4        INDIRECT  ADDRESSING 

Indirect  addressing  is  accomplished  by  first  calculating  the  effective  address  (EA)  using  the  same  method  used  for  direct 
addressing;  the  memory  location  at  this  address  contains  a  number  that  is  then  used  as  the  address  of  the  operand.  The 
following  instructions  use  indirect  addressing: 

•  Load  Indirect  (see  table  3-3) 

•  Store  Indirect  (see  table  3-3) 

•  Jump  Indirect  (see  table  3-7) 

•  Jump  to  Subroutine  Indirect  (see  table  3-7) 


3.5         NOTATION  AND  SYMBOLS  USED  IN  IMP-16C  INSTRUCTION  DESCRIPTIONS 

Refer  to  table  3—2  for  definitions  of  the  notation  and  symbols  used  in  the  IMP-16C  instruction  descriptions.  The 
notations  are  given  first  in  alphabetical  order  followed  by  the  symbols.  Upper-case  mnemonics  refer  to  fields  in  the 
instruction  word;  lower-case  mnemonics  refer  to  the  numerical  value  of  the  corresponding  fields.  In  cases  where  both 
lower-  and  upper-case  mnemonics  are  composed  of  the  same  letters,  only  the  lower-case  mnemonic  is  given  in  table  3—2. 
The  use  of  lower-case  notation  designates  variables. 
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Table  3-2.  Notation  Used  in  Instruction  Descriptions 


Notation 

Meaning 

ACr 

Denotes  a  specific  working  register  (ACO,  AC1 ,  AC2,  or  AC3),  where  r  is  the  number  of  the  accumula- 
tor referenced  in  the  instruction. 

AR 

Denotes  the  address  register  used  for  addressing  memory  or  peripheral  devices. 

cc 

Denotes  the  4-bit  condition  code  value  for  conditional  branch  instructions. 

ctl 

Denotes  the  7-bit  control-field  value  for  flag,  input/output,  and  miscellaneous  instructions. 

CY 

Indicates  that  the  Carry  flag  is  set  if  there  is  a  carry  due  to  the  instruction  (either  an  addition  or  a 
subtraction). 

disp 

Stands  for  displacement  value  and  it  represents  an  operand  in  a  nonmemory  reference  instruction  or  an 
address  field  in  a  memory  reference  instruction.  It  is  an  8-bit,  signed  twos-complement  number  except 
when  base  page  is  referenced;  in  the  latter  case,  it  is  unsigned. 

dr 

Denotes  the  number  of  a  destination  working  register  that  is  specified  in  the  instruction-word  field. 
The  working  register  is  limited  to  one  of  four:  ACO,  AC1,  AC2,  or  AC3. 

EA 

Denotes  the  effective  address  specified  by  the  instruction  directly,  indirectly,  or  by  indexing.  The 
contents  of  the  effective  address  are  used  during  execution  of  an  instruction.  See  table  3— 1 . 

fc 

Denotes  the  number  of  the  referenced  flag  (see  table  3—13  under  3.6.8,  Input/Output,  Halt,  and  Flag 
Instructions). 

INTEN 

Denotes  the  Interrupt  Enable  control  flag. 

IOREG 

Denotes  an  input/output  register  in  a  peripheral  device. 

L 

Denotes  1-bit  link  (L)  flag. 

OV 

Indicates  that  the  overflow  flag  is  set  if  there  is  an  overflow  due  to  the  instruction  (either  an  addition 
or  a  subtraction). 

PC 

Denotes  the  program  counter.  During  address  formation,  it  is  incremented  by  1  to  contain  an  address 
1  greater  than  that  of  the  instruction  being  executed. 

r 

Denotes  the  number  of  a  working  register  that  is  specified  in  the  instruction-word  field.  The  working 
register  is  limited  to  one  of  four:  ACO,  AC1,  AC2,  or  AC3. 

SEL 

Denotes  the  Select  control  flag.  It  is  used  to  select  the  carry  or  overflow  for  output  on  the  carry  and 
overflow  (CYOV)  line  of  the  CPU,  and  to  include  the  link  bit  (L)  in  shift  operations. 

sr 

Denotes  the  number  of  a  source  working  register  that  is  specified  in  the  instruction-word  field.  The 
working  register  is  limited  to  one  of  four:  ACO,  AC1,  AC2,  or  AC3. 

xr 

When  not  zero,  this  value  designates  the  number  of  the  register  to  be  used  in  the  indexed  and  relative 
memory-addressing  modes.  See  table  3— 1 . 
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Table  3-2.  Notation  Used  in  Instruction  Descriptions  (Continued) 


Notation 

Meaning 

(  ) 

Denotes  the  contents  of  the  item  within  the  parentheses.  (ACr)  is  read  as  "the  contents  of  ACr." 
(EA)  is  read  as  "the  contents  of  EA." 

[  ] 

Denotes  "the  result  of." 

~ 

Indicates  the  logical  complement  (ones  complement)  of  the  value  on  the  right-hand  side  of  ~. 

-► 

Means  "replaces." 

«- 

Means  "is  replaced  by." 

@ 

Appearing  in  the  operand  field  of  an  instruction,  denotes  indirect  addressing. 

A 

Denotes  an  AND  operation. 

V 

Denotes  an  OR  operation. 

V 

Denotes  an  exclusive  OR  operation. 

3.6        INSTRUCTION  DESCRIPTIONS 

Each  class  and  subclass  of  instruction  is  introduced  by  a  table  that  lists  and  summarizes  the  instructions.  The  word 
format  then  is  illustrated.  Detailed  descriptions  are  given,  providing  the  following  information: 

•  Name  of  instruction  followed  by  operation  code  mnemonic  in  parentheses 

•  Operation  Code  in  word  format  diagram 

•  Operation  in  equation  notation 

•  Description  of  operation  in  detail 

3.6.1        LOAD  AND  STORE  INSTRUCTIONS 

There  are  four  instructions  in  this  group.  These  are  summarized  in  table  3-3  and  then  individually  described.  The  word 
format  is  shown  in  figure  3—3. 

Table  3-3.  Load  and  Store  Instructions 


Instruction 

OpCode 

Operation 

Assembler  Format 

LOAD 

1000 

(ACr)  <-  (EA) 

LD 

r,  disp(xr) 

LOAD  INDIRECT 

1001 

(ACr)  «-  ((EA)) 

LD 

r,  @disp(xr) 

STORE 

1010 

(EA)  *■  (ACr) 

ST 

r,  disp(xr) 

STORE  INDIRECT 

1011 

((EA))  -  (ACr) 

ST 

r,  @disp(xr) 
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NOTE 

For   indirect   operations,   the   symbol   @  must   precede  the  memory 
location  designated  in  the  operand  field  of  the  assembler  instruction. 


15 

I              I             I 

12 

11 

1     10 

9    |     8 

-1     1           1 

1           1            1 

1        1    o 

OP   CODE 

r 

xr 

disp 

Specifies  operation. 


Displacement  value.  Designates  direct  address  if  xr  value  is  00; 
otherwise,  designates  augend  for  index  address  calculation. 

Indexing  designator.    When  nonzero,  designates  number  of  the  register 
whose  contents  are  the  addend  for  address  calculation  (table  3— 1 ). 

Register  designator.  Designates  number  of  working  register  involved  in  operation. 


Load  (LD) 


Figure  3-3.  Load  and  Store  Instruction  Format 


15   |           |           |     12 

11   |     10 

9    |     8 

7     |           |           |           I            I           I            I     0 

10          0          0 

r 

xr 

disp 

Operation:       (ACr) «-  (EA) 

Description:     The  contents  of  ACr  are  replaced  by  the  contents  of  EA.  The  initial  con- 
tents of  ACr  are  lost;  the  contents  of  EA  are  unaltered. 


Load  (LD)  Indirect 


15    | 

12 

11    |    10 

9    |     8 

I     1            1 

1           1            1 

1        1    o 

1 

0 

0 

1 

r 

xr 

disp 

Operation:       (ACr)  <-  ((EA)) 

Description:  The  contents  of  ACr  are  replaced  indirectly  by  the  contents  of  EA.  The 
initial  contents  of  ACr  are  lost;  the  contents  of  EA  and  the  location  that 
designates  EA  are  unaltered. 
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Store  (ST) 


15 1 

1 12 

11 1 

10 

9     |     8 

->     1            1 

1            1             1 

1        1    o 

1          0 

1 

0 

r 

xr 

disp 

Operation:        (EA)  <-  (ACr) 

Description:     The  contents  of  EA  are  replaced  by  the  contents  of  ACr.  The  initial  con- 
tents of  EA  are  lost;  the  contents  of  ACr  are  unaltered. 


Store  (ST)  Indirect 


15 

I           I 

I    12 

11    |    10 

9    |     8 

I     1            1 

1           1            1 

1        1    o 

1 

0         1 

1 

r 

xr 

disp 

Operation:       ((EA)) «-  (ACr) 

Description:  The  contents  of  EA  are  replaced  indirectly  by  ACr.  The  initial  contents  of 
EA  are  lost;  the  contents  of  ACr  and  the  location  that  designates  EA  are 
unaltered. 


3.6.2        ARITHMETIC  INSTRUCTIONS 

There  are  two  instructions  in  this  group  summarized  in  table  3—4  and  then  described  individually.  Either  of  these 
instructions  may  be  carried  out  with  any  of  the  four  general-purpose  accumulators  (ACO,  1,  2,  or  3).  The  word  format 
is  shown  in  figure  3—4. 


Table  3-4.  Arithmetic  Instructions 


Instruction 

OpCode 

Operation 

Assembler  Format 

ADD  (ADD) 
SUBTRACT  (SUB) 

1100 
1101 

(ACr)  «-  (ACr)  +  (EA),OV,CY 
(ACr)  «-  (ACr)  +  ~  (EA)  +  1  ,OV,CY 

ADD         r,  disp(xr) 
SUB         r,  disp(xr) 
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15 

I           I           I 

12 

11   I 

10 

9    |     8 

1      1             1 

_L     1       1 

J       L°J 

OP  CODE 

r 

xr 

disp 

Specifies  operation. 


Displacement  value.  Designates  direct  address  if  xr  value  is  00; 
otherwise,  designates  augend  for  index  address  calculation 
(table  3-1). 

Indexing  designator.  When  nonzero,  designates  number  of  index  register 
register  whose  contents  are  the  addend  for  address  calculation  (table  3—1 ). 

Register  designator.  Designates  number  of  working  register  (accumulator)  involved  in 
operation. 


Add  (ADD) 


Figure  3-4.  Arithmetic  Instruction  Format 


15  | 

I 

I    12 

11    |    10 

9     |     8 

7     I            I 

I           I           I 

I        I    o 

1 

1 

0 

0 

r 

xr 

disp 

Operation:       (ACr)  «-  (ACr)  +  (EA),OV,CY 

Description:  The  contents  of  ACr  are  added  algebraically  to  the  contents  of  the  effective 
memory  location  EA.  The  sum  is  stored  in  ACr,  and  the  contents  of  EA 
are  unaltered.  The  preceding  contents  of  ACr  are  lost.  The  carry  and 
overflow  flags  are  set  according  to  the  result  of  the  operation. 


Subtract  (SUB) 


15    | 

12 

11   I 

10 

9    |     8 

1     1            1 

1           1            1 

1        1    o 

1 

1 

0 

1 

r 

xr 

disp 

Operation:        (ACr)  «-  (ACr)  +  ~  (EA)  +  1  ,OV,CY 

Description:  The  contents  of  ACr  are  added  to  the  twos  complement  of  the  effective 
memory  location  EA.  The  result  is  stored  in  ACr,  and  the  effective  mem- 
ory location  is  unaltered.  The  carry  and  overflow  flags  are  set  according  to 
the  result  of  the  operation. 
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3.6.3       LOGICAL  INSTRUCTIONS 

There  are  two  instructions  in  this  group,  summarized  in  table  3-5  and  then  described  individually.  Either  of  these 
instructions  may  be  carried  out  with  only  two  of  the  general-purpose  accumulators,  ACO  or  AC1.  The  word  format  is 
shown  in  figure  3-5. 


Table  3-5.  Logical  Instructions 


Instruction 

OpCode 

Operation 

Assembler  Format 

AND 
OR 

01100 
01101 

(ACr)  <-  (ACr)  A  (EA) 
(ACr)  <-  (ACr)  V  (EA) 

AND         r,  disp(xr) 
OR         r,  disp(xr) 

15  I         I         I         I 

10 

9    |     8 

7    l          I         I         I         I         I          I    o 

OP  CODE 

r 

xr 

disp 

Specifies  operation. 


Displacement  value.  Designates  direct  address  if  xr  field  is  00; 
otherwise,  designates  augend  for  index  address  calculation 
(table  3-1). 

Indexing  designator.   When   nonzero,   designates  number  of  the  register 
whose  contents  are  the  addend  for  address  calculations  (table  3-1 ). 

Register  designator.  Designates  ACO  when  "0"  or  AC1  when  "1 ." 


And  (AND) 


Figure  3-5.  Logical  Instruction  Format 


15   |           |           |           |    11 

10 

9    |     8 

I    1        1        1        1        1        1        1    o 

0          110          0 

r 

xr 

disp 

Operation:        (ACr)  «-  (ACr)  A  (EA) 

Description:  The  contents  of  ACr  (where  r  is  either  0  or  1)  and  the  contents  of  the 
effective  memory  location  EA  are  ANDed,  and  the  result  is  stored  in  ACr. 
The  initial  contents  of  ACr  are  lost,  and  the  contents  of  EA  are  unaltered. 
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Or(OR) 


15   |           |           |           |    11 

10 

9    |     8 

7    I           I          l          I           I           I           I     0 

0         110         1 

r 

xr 

disp 

Operation:       (ACr)  «-  (ACr)  V  (EA) 

Description:  The  contents  of  ACr  (where  r  is  either  0  or  1)  and  the  contents  of  the 
effective  memory  location  EA  are  ORed  inclusively,  and  the  result  is 
stored  in  ACr.  The  initial  contents  of  ACr  are  lost,  and  the  contents  of  EA 
are  unaltered. 


3.6.4       SKIP  INSTRUCTIONS 

Five  instructions  comprise  the  skip  instructions,  summarized  in  table  3—6.  Three  word  formats  are  required  and  shown 
in  figure  3-6. 


Table  3-6.  Skip  Instructions 


Instruction 

Operation 
Code 

Operation 

Assembler  Format 

Memory  References 

INCREMENT  AND  SKIP  IF  ZERO 

011110 

(EA)^(EA)+  1; 

IF  (EA)  =  0,  (PC) «-  (PC)  +  1 

ISZ 

disp(xr) 

DECREMENT  AND  SKIP  IF  ZERO 

011111 

(EA)  «-  (EA)  -  1 ; 

IF  (EA)  =  0,  (PC)  «-  (PC)  +  1 

DSZ 

disp(xr) 

Register  References 

SKIP  IF  GREATER 

1110 

IF  (ACr)  >  (EA),  (PC)  «-  (PC)  +  1 

SKG 

r,  disp(xr) 

SKIP  IF  NOT  EQUAL 

mi 

IF  (ACr)  *  (EA),  (PC)  <-  (PC)  +  1 

SKNE 

r,  disp(xr) 

Limited  Register  Reference 

SKIP  IF  AND  IS  ZERO 

omo 

IF   [(ACr)A(EA)]  =0, 
(PC) «-  (PC)  +  1 

SKAZ 

r,  disp(xr) 
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Memory  Reference  Skip  Instruction 


15 


OPCODE 


Specifies  operation. 


10 


9    I    8 


disp 


Displacement  value.  Designates  direct  address  if  xr  value  is  00; 
otherwise,  designates  augend  for  the  address  calculation 
(table  3-1). 

Indexing  designator.  When  nonzero,  designates  number  of  the  register 
whose  contents  are  the  addend  for  address  calculation  (table  3— 1 ). 


Register  Reference  Instruction 


15 

I           I           I 

12 

11    |    10 

9     |     8 

1     1            1 

1           1            1 

1        1    o 

OP  CODE 

r 

xr 

disp 

Specifies  operation. 


Displacement  value.  Designates  direct  address  if  xr  value  is  00; 
otherwise,  designates  augend  for  the  address  calculation 
(table  3-1). 

Indexing  designator.  When  nonzero,  designates  number  of  index  register 
whose  contents  are  the  addend  for  address  calculation  (table  3—1 ). 

Register  designator.  Specifies  number  of  register  whose  contents  are  to  be  compared 
with  contents  of  effective  address  in  determining  whether  skip  operation  occurs.  May 
be  ACQ,  1,2,  or  3. 


Limited  Register  Reference  Instruction 


15   | 

I           I 

I    11 

10 

9    |     8 

-1      1            1 

1            1            1 

1        1    o 

OP  CODE 

r 

xr 

disp 

Specifies  operation. 


Displacement  value.  Designates  direct  address  if  xr  value  is  00; 
otherwise,  designates  augend  for  the  address  calculation 
(table  3-1). 

Indexing  designator.  When  nonzero,  designates  number  of  the  register 
whose  contents  are  the  addend  for  address  calculations  (table  3— 1 ). 

Register  designator.  Specifies  number  of  register  whose  contents  are  compared 
with  contents  of  effective  address  in  determining  whether  skip  operation  occurs. 
May  be  only  AC0  or  AC1. 


Figure  3-6.  Skip  Instruction  Formats 
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Increment  and  Skip  If  Zero  (ISZ) 


15   | 

1           1 

1 

1    10 

9    |     8 

7     1 

1 

1 

1 

1 

1 

1  o 

0         1 

1          1 

1 

0 

xr 

disp 

Operation:       (EA)  <-  (EA)  +  1 ;  if  (EA)  =  0,  (PC)  <-  (PC)  +  1 

Description:  The  contents  of  EA  are  incremented  by  1.  The  new  contents  of  EA  are 
tested  to  determine  whether  they  equal  zero.  If  the  new  contents  of  EA 
equal  zero,  the  contents  of  PC  are  incremented  by  1 ,  thus  skipping  the 
memory  location  designated  by  the  initial  contents  of  PC.  The  contents  of 
EA  are  unaltered. 


Decrement  and  Skip  If  Zero  (DSZ) 


15   | 

I 

I 

I    10 

9    |     8 

7     1           1 

1           1           1 

1        I    o 

0 

1 

1 

1 

1 

1 

xr 

disp 

Operation:       (EA)  «-  (EA)  -  1 ;  if  (EA)  =  0,  (PC)  «-  (PC)  +  1 

Description:  The  contents  of  EA  are  decremented  by  1 .  The  new  contents  of  EA  are 
tested  to  determine  whether  they  equal  zero.  If  the  new  contents  of  EA 
equal  zero,  the  contents  of  PC  are  incremented  by  1 ,  thus  skipping  the 
memory  location  designated  by  the  initial  contents  of  PC. 


Skip  If  Greater  (SKG) 

15   |  |  |    12       11    |    10        9    |     8 


1  1  1 


disp 


Operation:       If  ( ACr)  >  (EA),  (PC) «-  (PC)  +  1 

Description:  The  contents  of  ACr  (when  r  is  ACO,  1,  2,  or  3)  and  the  contents  of  the 
effective  memory  location  EA  are  compared  on  an  algebraic  basis  with  due 
regard  to  the  signs  of  the  two  operands.  If  the  contents  of  ACr  are  greater 
than  the  contents  of  EA,  the  contents  of  PC  are  incremented  by  I,  thus 
skipping  the  memory  location  designated  by  the  initial  contents  of  PC.  The 
initial  contents  of  PC  are  lost.  The  contents  of  ACr  and  EA  are  unaltered. 
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Skip  If  Not  Equal  (SKNE) 

15   I  I  I    12       11    l    10        9    I     8  7 


1111 


J I I L 


disp 


Operation:       If  ACr  f  (EA),  (PC)  «-  (PC)  +  1 

Description:  The  contents  of  ACr  (where  ACr  is  ACO,  1 ,  2,  or  3)  and  the  contents  of  the 
effective  memory  location  EA  are  compared.  If  the  contents  of  ACr  and 
the  effective  memory  location  EA  are  not  equal,  the  contents  of  PC  are 
incremented,  thus  skipping  the  memory  location  designated  by  the  initial 
contents  of  PC.  The  initial  contents  of  PC  are  lost.  The  contents  of  ACr 
and  EA  are  unaltered. 


Skip  If  AND  Is  Zero  (SKAZ) 

15    |  |  |  |    11        10        9    |     8 


0         1110 


disp 


Operation:       If  [(ACr)  A  (EA)]  =  0,  (PC)  «-  (PC)  +  1 

Description:  The  contents  of  ACr  (where  r  is  either  0  or  1 )  and  the  contents  of  the 
effective  memory  location  EA  are  ANDed.  If  the  result  equals  zero,  the 
contents  of  PC  are  incremented  by  1,  thus  skipping  the  instruction  desig- 
nated by  the  initial  contents  of  PC.  The  initial  contents  of  PC  are  lost.  The 
contents  of  ACr  and  EA  are  unaltered. 


3.6.5       TRANSFER-OF-CONTROL  INSTRUCTIONS 

There  are  seven  instructions  in  this  group,  summarized  in  table  3—7.  Three  word  formats  are  required  and  shown  in 
figure  3-7. 


Table  3-  7.   Transfer-of-Control  Instructions 


Instruction 

Operation  Code 

Operation 

Assembler  Format 

Jumps 

JUMP 

001000 

(PC) «-  EA 

JMP 

disp(xr) 

JUMP  INDIRECT 

001001 

(PC)-(EA) 

JMP 

(®disp(xr) 

JUMP  TO  SUBROUTINE 

001010 

(STK)  «-  (PC);  (PC)  «-  EA 

JSR 

disp(xr) 

JUMP  TO  SUBROUTINE  INDIRECT 

001011 

(STK)«-(PC);  (PC)«-(EA) 

JSR 

@disp(xr) 

Branch 

BRANCH-ON  CONDITION 

0001 

IF  CC  IS  TRUE 
(PC)  «-  (PC)  +  disp 

BOC 

cc,  disp 
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Table  3-  7.   Transfer-of-Control  Instructions  (Continued) 


Instruction 

Operation  Code 

Operation 

Assembler  Format 

Returns 

RETURN  FROM  INTERRUPT 

000000010 

(PC)«-(STK)  +  ctl; 
INTEN  FLAG  SET 

RTI 

ctl 

RETURN  FROM  SUBROUTINE 

000000100 

(PC) «-  (STK)  +  ctl 

RTS 

ctl 

JUMP  TO  SUBROUTINE  IMPLIED 

000000111 

(STKXPC); 

(PC)^FF8016  +  ctl 

JSRI 

ctl 

Jump  Instruction 


15   |           |           |           |          |    10 

9    |     8 

7     I           I           I           I            I           I            I     0 

OP  CODE 

xr 

disp 

Specifies  operation. 


Displacement  value.  Designates  direct  address  if  xr  value  is  00;  oth- 
erwise, designates  augend  for  the  address  calculation  (table  3-1). 

Indexing  designator.  When  nonzero,  designates  number  of  the  register  whose 
contents  are  the  addend  for  address  calculation  (table  3— 1 ). 


Branch  Instruction 


15 

I           I           I 

12 

"    1 

1 

1     8 

7     1 

1 

1           1           1 

I        1   o 

OP  CODE 

cc 

disp 

Specifies  operation. 


Displacement  value.  Designates  immediate  value  that  is  added  to 
the  contents  of  the  program  counter  (PC)  to  calculate  the  address 
for  the  next  instruction  that  follows  the  branch  instruction  if  the 
branch  condition  is  true. 

Condition  code.  Specifies  branch  condition  code  (listed  in  table  3—8). 


15 


J I L 


Return  Instruction 
7  6     1  I 


OP  CODE 


J I L 


ctl 


Specifies  operation. 


Control  field.  Designates  a  value  added  to  the  return  address 
when  used  in  return  instructions.  Designates  the  control  field 
transferred  to  peripheral  device  in  input/output  instructions. 
The  ctl  value  is  an  unsigned  7-bit  number. 


Figure  3-  7.   Transfer-of-Control  Instruction  Formats 
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Jump(JMP) 


15    |           |           |           |          i    10 

9    |     8 

7     I           I          I           I           I           I           I     0 

0         0         1           0        0         0 

xr 

disp                                ; 

Operation:       (PC)  «-  EA 

Description:     The  effective  address  EA  replaces  the  contents  of  PC.  The  next  instruction 
is  fetched  from  the  location  designated  by  the  new  contents  of  PC. 


Jump  (JMP)  Indirect 


15    | 

I 

|          I    10 

9    |     8 

7     I            I 

I           I 

I           I 

I    o 

0 

0 

1 

0 

0         1 

xr 

disp 

Operation:       (PC) «-  (EA) 

Description:  The  contents  of  the  effective  address  (EA)  replaces  the  contents  of  PC. 
The  next  instruction  is  fetched  from  the  location  designated  by  the  new 
contents  of  PC. 


Jump  to  Subroutine  (JSR) 


15    | 

I           I 

|    10 

9    |     8 

7     1            1 

1            1            1            i 

1    o 

0 

0 

1 

0 

1 

0 

xr 

disp 

Operation:       (STK) «-  (PC),  (PC)^(EA) 

Description:  The  contents  of  PC  are  stored  in  the  top  of  the  stack.  The  effective  address 
EA  replaces  the  contents  of  PC.  The  next  instruction  is  fetched  from  the 
location  designated  by  the  new  contents  of  PC. 
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Jump  to  Subroutine  (JSR)  Indirect 


15   | 

I 

I  10 

9    |     8 

7     I           I 

I           I           I 

I        I   o 
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0 

1 

0 

1 

1 

xr 

disp 

Operation:       (STK)  «-  (PC),  (PC)  «-  (EA) 

Description:  The  contents  of  PC  are  stored  in  the  top  of  the  stack.  The  contents  of  the 
effective  address  (EA)  replace  the  contents  of  PC.  The  next  instruction  is 
fetched  from  the  location  designated  by  the  new  contents  of  PC. 


Branch-On  Condition  (BOC) 


15   | 

I  12 

» 1 

I 

I     8 

I     1           1 

1           1            1 

1        1   o 

0 

0 

0 

1 

cc 

disp 

Operation:       (PC)  «-  (PC)  +  disp  (sign  extended  from  bit  7  through  bit  15) 

Description:  There  are  16  possible  condition  codes  (cc).  These  are  listed  in  table  3-8. 
If  the  condition  for  branching  designated  by  cc  is  true,  the  value  of  disp 
(sign  extended  from  bit  7  through  bit  15)  is  added  to  the  contents  of  PC, 
and  the  sum  is  stored  in  PC.  The  initial  contents  of  PC  are  lost.  Program 
control  is  transferred  to  the  location  specified  by  the  new  contents  of  PC. 


NOTE 

(1)  PC  is  always  incremented  by  1  immediately  following  the  fetching 
of  an  instruction,  so  the  contents  of  PC  during  execution  of  an 
instruction  is  1  greater  than  the  address  of  that  instruction.  This 
must  be  considered  during  execution  of  the  BOC  instruction:  for 
example,  if  the  address  of  the  BOC  instruction  is  100,  then  101  is 
added  to  the  value  of  disp  (sign  extended). 

(2)  The  disp  field  is  a  signed  8-bit  number,  whose  sign  is  extended 
from  bit  7  through  bit  15  to  form  a  16-bit  number  (including 
sign).  Thus,  the  range  of  addressing  with  a  BOC  instruction  is 
-127  to  +128  relative  to  the  address  of  the  current  instruction. 
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Table  3-8.  Branch-On  Condition  Codes 


Condition  Code 

Condition  Tested 

Remarks 

0000 

Interrupt  Line  =  1 

Interrupt  need  not  be  tested  by 

0001 

(AC0)  =  0 

macroprogram 

0010 

(AC0)  >  0 

0011 

Bit  0  of  AC0  =  1 

0100 

Bit  1  of  ACO  =  1 

0101 

(ACO)  f  0 

0110 

CONTROL  PANEL  INTERRUPT  LINE  =  1 

0111 

CONTROL  PANEL  START  =  1 

1000 

STACK  FULL  LINE  =  1 

1001 

INTERRUPT  ENABLE  =  1 

1010 

CARRY/OVERFLOW  =  1 

Carry  if  SEL  =  0;  overflow  if  SEL  =  1 

1011 

(ACO)  <  0 

1100 

User 

j 

1101 
1110 

User 
User 

)  Available  for  general-purpose  use 

mi 

User 

' 

NOTE 

For  both  the  following  instructions  (RTI  and  RTS),  the  ctl  value  is  an 
unsigned  7-bit  number. 


Return  from  Interrupt  (RTI) 


15    |           | 

I 

1  7 

6     I 

1           1           1 

1    o 

0         0         0 

0 

0 

0 

0 

1 

0 

ctl 

Operation:       Set  INT  EN  (interrupt  enable  flag) 
(PC)  «- (STK)  +  ctl 

Description:  The  interrupt  enable  flag  (INT  EN)  is  set.  The  contents  of  PC  are  replaced 
by  the  sum  of  ctl  and  the  contents  of  STK.  Program  control  is  transferred 
to  the  location  specified  by  the  new  contents  of  PC.  (RTI  is  used  primarily 
to  exit  from  an  interrupt  routine.) 
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Return  from  Subroutine  (RTS) 


15  | 

1 

I 

7 

6     I 

I          I          I 

I   o 

0 

0 

0          0 

0 

0 

1 

0 

0 

ctl 

Operation:       (PC)  «-  (STK)  +  ctl 

Description:  The  contents  of  PC  are  replaced  by  the  sum  of  ctl  and  the  contents  of 
STK.  Program  control  is  transferred  to  the  location  specified  by  the  new 
contents  of  PC.  (RTS  is  used  primarily  to  return  from  subroutines  entered 
by  JSR.) 


Jump  to  Subroutine  Implied  (JSRI) 

JU I I I I I L 


J I I I I L 


1      1 


ctl 


Operation:       (STK)  <-  (PC),  (PC)  <-  FF8016  +  ctl 

Description:  The  contents  of  PC  are  pushed  onto  'the  stack.  The  contents  of  PC  are 
replaced  by  the  address  implied  by  the  sum  of  the  ctl  value  and  the  num- 
ber FF8O16.  This  enables  a  subroutine  jump  to  memory  locations  FF80j6 
through  FFFF16  (0  <  ctl  <  7F16). 


3.6.6       SHIFT  INSTRUCTIONS 

Four  instructions  comprise  this  group.  All  four  instructions  may  be  used  with  the  Link  (L)  bit  by  setting  the  SEL  flag. 
This  is  accomplished  with  a  Set  Flag  (SFLG)  instruction  before  executing  the  shift  or  rotate  instruction.  Examples  of 
shifting  with  and  without  SEL  set  are  given  in  diagram  form  for  each  instruction  in  the  descriptions  that  follow.  Note 
that  the  SEL  flag  also  affects  the  BOC  instructions  as  indicated  in  table  3-8. 

The  shift  instructions  are  summarized  in  table  3-9,  and  the  word  format  is  shown  in  figure  3-8. 

All  shift  and  rotate  operations  may  be  carried  out  with  any  of  the  four  general-purpose  accumulators,  ACO,  1,  2,  or  3. 
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Table  3-  9.  Shift  Instructions 


Instruction 

Operation  Code 

Operation 

Assembler  Format 

SEL  =  0 

SEL=  1 

ROTATE  LEFT 

(disp>0) 

010110 

(ACro)«-(ACri5), 

(ACrn)-(ACrn.1) 

(ACro)-(L), 

(L)-(ACr15), 

(ACrn)-(ACrn.,) 

ROL         r,  m 

ROTATE  RIGHT 

(disp<0) 

010110 

(ACr15)-(ACr0), 
(ACrn)-(ACrn+1) 

(ACr,5)-(L), 

(L)-(ACro), 

(ACrn)-(ACrn+]) 

ROR         r,  m 

SHIFT  LEFT 

(disp>0) 

010111 

(ACrn)-(ACrn.,), 
(ACro)-O 

(L)-(ACr15), 

(ACrn)-(ACrn.!), 

(ACro)-O 

SHL         r,  m 

SHIFT  RIGHT 
(disp  <  0) 

010111 

(ACr,5)-0, 
(ACrn)-(ACrn+)) 

(ACr,s)«-(L), 
(L)-0, 

(ACrn)-(ACrn  +  l) 

SHR         r,  m 

NOTE:    For  all  shift  and  rotate  instructions,  "m"  denotes  the  number  of  positions  to  be  shifted  or  rotated,  and 
is  equal  to  the  absolute  value  of  disp.  See  example  3  in  appendix  B. 

15   | 

1           1           1 

1  io 

9 

8 

~>     1 

1           1           1            1 

i        1   o 

OP  CODE 

r 

disp 

Specifies  Operation. 


Displacement  value.  Designates  number  of  positions  for  shifting 
and  rotating  instructions. 

Register  designator.    Designates  number  of  working  register  (AC0,   1,  2, 
or  3)  involved  in  operation. 


Figure  3   8.  Shift  Instruction  Format 
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Rotate  Left  (ROL)  (for  disp  >  0) 

15   I         I         I         I         I    10  I    9    1    8    I    7    I         1 


1 


1         1 


disp 


SEL  =  0 

Operation: 


(ACr0)-(ACr15),    (ACrn)  -  (ACrn_,) 


Description:     The  contents  of  ACr  are  shifted  around  to  the  left  disp  times.  (ACr  15) 
replaces  (ACrn)  for  each  shift. 


r 


L_ 


15 


J I I I I L_i 


J I I I L2. 


"I 


SEL=  1 

Operation: 


(ACr0)<-(L),    (L)-(ACr15),    (ACrn)  «-  (ACrn.!) 


Description:     The  contents  of  ACr  are  shifted  around  to  the  left  disp  times.  (L)  replaces 
(ACrn),  and  (ACr^)  replaces  (L)  for  each  shift. 


l_ 


JU I L_J L 


J I L 


J__l L2. 


"1 
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Rotate  Right  (ROR)  (for  disp  <  0) 


15   |           |           |           |          |    10 

9     |    8 

?     I           I           I           I           I           I           I     0 

0         10          110 

r 

disp 

SEL  =  0 

Operation:        (ACr15)  -  (ACr0),  (ACrn)  -  (ACrn+, ) 

Description:     The  contents  of  ACr  are  shifted  around  to  the  right  disp  times.  (ACrrj) 
replaces  (ACr  15)  for  each  shift. 


151         1         1         1         1         1         1        1 

II 0 

r  -•* 

-- 

1 
l_ 

i 


SEL=  1 

Operation:       (ACr15)«-(L),    (L)«-(ACr0),    (ACrn)  -  (ACrn+i ) 

Description:     The   contents  of  ACr  are  shifted  around  to  the  right  disp  times.  (L) 
replaces  (ACris),  and  (ACrrj)  replaces  (L)  for  each  shift. 


15 


l_ 


Shift  Left  (SHL)  (for  disp  >  0) 


J I I L 


_L9_ 


15   , 

1 

1 

I  10 

9    |     8 

I      1             1 

1            1            1 

1        1    0 

0 

1 

0 

1 

1 

1 

r 

disp 

SEL  =  0 

Operation         (ACrn)  -  (ACrn.[),    (ACr0)^0 

Description:     The  contents  of  ACr  are  shifted  to  the  left  disp  times.  (ACr  15)  is  lost,  and 
zero  replaces  (ACrn)  for  each  shift. 


15 


LOST  «• 


I         I         I        I         I 


0 
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SEL=  1 

Operation: 


(L)<-(ACr15),    (ACrn)-(ACrn.1),    (ACr0)-0 


Description:     The  contents  of  ACr  are  shifted  to  the  left  disp  times.  (L)  is  lost. 
(AC1-15)  replaces  (L),  and  zero  replaces  (ACrrj)  for  each  shift. 


LOST 


HA I I I I I L 


J I L2. 


Shift  Right  (SHR)  (for  disp  <  0) 


15    | 

I 

1 

I  10 

9 

8 

7      1 

1            1            1            1 

1        1    0 

0 

1 

0 

1 

1 

1 

r 

disp 

SEL  =  0 

Operation: 


(ACr15)<-0,    (ACrn)-(ACrn+1) 


Description:     The  contents  of  ACr  ar^  shifted  to  the  right  disp  times.  (ACrrj)  is  lost,  and 
zero  replaces  (ACris)  for  each  shift. 

J I L_J I I I I J I I I I L 


15 


LOST 


SEL=  1 

Operation: 


(ACr15)-(L),  (L)-0,  (ACrn)<-(ACrn  +  I) 


Description:     The  contents  of  ACr  are  shifted  to  the  right  disp  times.  (ACrrj)  is  lost,  (L) 
replaces  ACr  15,  and  zero  replaces  (L)  for  each  shift. 


L 

15|         |         |         |         |         |         |         | 

1        1        1        1        I        1        1    0 

—  to-  LOST 
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3.6.7        REGISTER  INSTRUCTIONS 

There  are  eleven  instructions  in  this  group,  summarized  in  table  3-10.  Three  word  formats  are  required  and  are  shown 
in  figure  3-9. 


Table  3-10.  Register  Instructions 


Instruction 

Operation  Code 

Operation 

Assembler  Format 

Register  and  Stack 
PUSH  ONTO  STACK 
PULL  PROM  STACK 
EXCHANGE  REGISTER  AND  STACK 

010000 
010001 
010101 

(STK)  <-  (ACr) 
(ACr)  <-  (STK) 
(STK)  <-  (ACr),    (ACr) «-  (STK) 

PUSH          r 
!     PULL          r 
XCHRS          r 

Register  and  Immediate 

LOAD  IMMEDIATE 

ADD  IMMEDIATE,  SKIP  11    ZERO 

COMPLEMENT  AND  ADD  IMMEDIATE 

010011 
010010 

010100 

(ACr) «- disp  (sign  extended) 

(ACr)<-(ACr)  +  disp  (sign  extended), 
OV.CY;  if  (ACr)  =  0.  (PC)<-(PC)+  1 

(ACr)< (ACr)  +  disp 

(sign  extended) 

LI          r,  disp 
A1SZ          r,  disp 

CAI          r,  disp 

Instruction 

Operation  Code 

Operation 

Assembler  Format 

OP1 

OP2 

OP3 

Register  to  Register 
REGISTER  ADD 
REGISTER  EXCHANGE 
REGISTER  COPY 
REGISTER  EXCLUSIVE-OR 
REGISTER  AND 

0011 
0011 
0011 
0011 
0011 

0 

1 
1 

1 
1 

00 
00 
01 
10 

11 

(ACdr)<-(ACsr)  +  (ACdr),  OV.CY 

(ACsr)f-(ACdr),    (ACdr)<-(ACsr) 

(ACdr)<-(ACsr) 

(ACdr) «-(ACsr)V  (ACdr) 

(ACdr)  <-  (ACsr)  A  (ACdr) 

RADD          sr,  dr 
RXCH          sr,  dr 
RCPY          sr,  dr 
RXOR          sr.  dr 
RAND          sr,  dr 
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Register  and  Stack  Instructions 

15    |           |           |           |           |     10 

9    |     8 

7     I            I            I            I            I            I            I      0 

OP  CODE 

r 

NOT  USED 

Specifies  operation. 

I 

Not  used.  These  bits  are  coded  to  zeros  and  are 

ignored  for  these  instructions. 

Register  designator.  Designates  number  of  working  register  (ACO,  1,  2, 
or  3)  involved  in  operation. 

Register  and  Immediate  Instructions 

15   |           |     13  |     12,           |     10 

9    ,     8 

7    I          I          I          I          I          I          I     o 

OP  CODE 

r 

disp 

Specifies  operation. 

I 

Displacement  value.  Designates  immediate  value,  which  is  an 

operand  in  those  instructions  involving  an  immediate  operand. 

Register  designator.    Designates  number  of  working  register   (ACO,   1     2, 
or  3)  involved  in  operation. 

Register-to-Register  Instructions 

15    ,           ,            ,12 

11    |     10 

9    |     8 

7 

I          I          I          I     2 

1     ,     0 

OP    1 

Sr 

dr 

OP 
2 

NOT  USED 

OP  3 

Specifies  operation  with 
bits  0.  1,  and  7. 

I 

OpCode  3.    Bits  0,    1,  and  7 

with  bits  12  through  15  com- 
prise the  operation  code  and 
specify  the  operation. 

Not  used.  These  bits  are  coded  to  zeros  and  are 
ignored  for  this  class. 

i 
( 

DpCode  2.  Bits  0,  1 ,  and  7  with  bits  12  through  1  5  comprise  the 
operation  code  and  specify  the  operation. 

I 

r 

Destination  register  designator.  Designates  number  of  one  of  the  two  oper- 
ind  registers  involved  in  an  operation.  Result  is  placed  in  the  destination 
egister,  whose  original  contents  are  lost. 

Source  register  designator.  The  number  of  one  of  the  two  operand  registers  involved 
n  an  operation.   Its  contents  are  not  altered  by  the  operation  except  during  RXCH 
^register  exchange). 

Figure  3-9.   Register  Instruction  Formats 
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Push  onto  Stack  (PUSH) 


15   |           |           |           |           |    10 

9    |     8 

7     I            I           I           I            I           I            I     0 

0         10          0          0         0 

r 

NOT  USED 

Operation:       (STK) -(ACr) 

Description:  The  stack  is  pushed  by  the  contents  of  the  register  (ACO,  l,  2,  or  3) 
designated  by  r.  Thus,  the  top  of  the  stack  then  holds  the  contents  of 
ACr.  and  the  contents  of  all  other  levels  in  the  stack  are  moved  down  one 
level.  If  the  stack  is  full  before  the  push  occurs,  the  contents  of  the  lowest 
level  are  lost.  The  initial  contents  of  ACr  are  unaltered. 


Pull  from  Stack  (PULL) 

15    I  l  | 


10 


0 


1 


0  1 


NOT  USED 


Operation:       (ACr)  -  (STK) 

Description:  The  stack  is  pulled.  The  contents  from  the  top  of  the  stack  replace  the 
contents  of  register  number  r  (ACO,  1,  2,  or  3).  The  initial  contents  of 
ACr  are  lost.  The  contents  of  each  level  of  the  stack  moves  up  one  level. 
Zeros  enter  the  bottom  of  the  stack. 


Exchange  Register  and  Stack  (XCHRS) 


15    |            |            |            |            |     10 

9    |     8 

7    I         I         I         I          I         I          I    o 

0          10          10          1 

r 

NOT  USED 

Operation:       (STK) -(ACr),    (ACr) -(STK) 

Description:     The  contents  of  the  top  of  the  stack  STK  and  the  register  designated  by 
r  (ACO,  1 ,  2,  or  3)  are  exchanged. 


Load  Immediate  (LI) 


15    |           |            |           |           |     10 

9     |     8 

7     I            I            I            I            I            I            I      0 

0          10          0          1           1 

r 

disp 

Operation:        (ACr)  —  disp  (sign  extended) 

Description:  The  value  of  disp  with  sign  bit  7  extended  through  bit  15  replaces  the 
contents  of  ACr  (ACO,  1,  2,  or  3).  The  initial  contents  of  ACr  are  lost. 
The  immediate  operand  range  is  - 1  28  to  + 1  27. 
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Add  Immediate,  Skip  If  Zero  (AISZ) 


15    |           |           |           |           |    10 

9     |     8 

7     I           I           I           I            I           I            I     0 

0          10          0          10 

r 

disp 

Operation:       (ACr)  «-  (ACr).+  disp  (sign  extended),  OV,CY 
If  new(ACr)  =  0,  (PC)«-(PC)+  I 

Description:  The  contents  of  register  ACr  are  replaced  by  the  sum  of  the  contents  of 
ACr  and  disp  (sign  bit  7  extended  through  bit  15).  The  initial  contents  of 
ACr  are  lost.  The  overflow  and  carry  flags  are  set  according  to  the  result  of 
the  operation.  If  the  new  contents  of  ACr  equal  zero,  the  contents  of  PC 
are  incremented  by  1,  thus  skipping  the  next  memory  location.  The  imme- 
diate operand  range  is  -1 28  to  +1 27. 


Complement  and  Add  Immediate  (CAI) 


15    |           |           |           |           |    10 

9    |     8 

7     I            I           I           I            I           I            I     0 

0          10          10         0 

r 

disp 

Operation: 
Description: 


(ACr) 


(ACr)  +  disp  (sign  extended) 


The  contents  of  register  ACr  are  complemented  and  then  added  to  disp 
(sign  bit  extended  through  bit  15).  The  result  is  then  stored  in  ACr.  The 
initial  contents  of  ACr  are  lost.  The  immediate  operand  range  is  -128  to 
+  127.  Note  that  the  carry  and  overflow  flags  are  not  affected  by  this 
instruction. 


Register  Add  (RADD) 


Operation:        (ACdr)  *-  ( ACsr)  +  (ACdr),  OV,CY 

Description:  The  contents  of  the  destination  register  ACdr  ( ACO,  1 ,  2,  or  3)  are  replaced 
by  the  sum  of  the  contents  of  ACdr  and  the  source  register  ACsr  (ACO,  1 , 
2,  or  3).  The  initial  contents  of  ACdr  are  lost,  and  the  contents  of  ACsr  are 
unaltered.  The  overflow  and  carry  flags  are  set  according  to  the  result  of 
the  operation. 
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Register  Exchange  (RXCH) 


15    |            |            |     12 

11    |    10 

9     |      8 

7 

6     I            I            I            I      2 

1      |     0 

0          0           11 

sr 

dr 

1 

NOT  USED 

0          0 

Operation:        (ACsr)  «-  ( ACdr),  ( ACdr) «-  ( ACsr) 

Description:      The  contents  of  ACsr  (ACO.   I.  2.  or  3)  and  ACdr  (ACO.  1.  2.  or  3)  are 
exchanged. 


Register  Copy  (RCPY) 


15    | 

I 

I  12 

11    |     10 

9     |      8 

7 

6     I 

I            I 

I     2 

1 

o 

0 

0 

1 

1 

sr 

dr 

1 

NOT   USED 

0 

1 

Operation:       (ACdr) «-  (ACsr) 

Description:  The  contents  of  the  destination  register  ACdr  (ACO,  1.  2.  or  3)  are  replaced 
by  the  contents  of  the  source  register  ACsr  (ACO.  1.  2,  or  3).  The  initial 
contents  of  ACdr  are  lost,  and  the  initial  contents  of  ACsr  are  unaltered. 


Register  Exclusive  Or  (RXOR) 


15   | 

I 

1    12 

11    |    10 

9     I 

8 

7 

6     I 

I            I 

I     2 

1 

o 

0 

0 

1 

sr 

dr 

1 

NOT  USED 

1           0 

Operation:        ( ACdr)  -  (ACdr)  V  (ACsr) 

Description:  The  contents  of  the  destination  register  ACdr  (ACO,  l.  2,  or  3)  are  replaced 
by  the  result  of  exclusively  ORing  the  contents  of  ACdr  with  the  contents 
of  the  source  register  ACsr  (ACO.  1 .  2.  or  3).  The  initial  contents  of  ACdr 
are  lost,  and  the  initial  contents  of  ACsr  are  unaltered. 


Register  And  (RAND) 


15    | 

I     12 

11    |     10 

9     |      8 

7 

6     I 

I            I 

I     2 

1 

o 

0 

0 

1 

1 

sr 

dr 

1 

NOT  USED 

1           1 

Operation:        (ACdr)  -(ACdr)  A  (ACsr) 

Description:  The  contents  of  the  destination  register  ACdr  (ACO.  1 ,  2.  or  3)  are  replaced 
by  the  result  of  ANDing  the  contents  of  ACdr  with  the  contents  of  the 
source  register  ACsr  (ACO.  1.  2.  or  3).  The  initial  contents  of  ACdr  are 
lost,  and  the  initial  contents  o\  ACsr  are  unaltered. 
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3.6.8        INPUT/OUTPUT,  HALT,  AND  FLAG   INSTRUCTIONS 

Seven  instructions  comprise  this  group,  summarized  in  table  3  —  11.  Three  word  formats  are  required  and  are  shown  in 
figure  3-10. 


Table  3—11.  Input /Output,  Halt,  and  Rag  Instructions 


Instruction 

Operation  Code 

Operation 

Assembler  Format 

Input/Output 
REGISTER  IN 

REGISTER   OUT 

000001000 
000001100 

<AR)<-ctl  +  (AC3), 
(AC0)-<-<IOREG) 

(AR)*-ctl  +  (AC3); 
(IOREG)<-(AC0) 

RIN          ctl 
ROUT          ctl 

Halt 

HALT 

000000000 

Processor  halts. 

HALT 

Status  Flags 
PUSH  STATUS   FLAGS  ONTO  STACK 
PULL  STATUS   FLAGS   FROM  STACK 

000000001 
000000101 

(STK)  <-  (STATUS   FLAGS) 
(STATUS   FLAGS)  <-  (STK) 

PUSHF 
PULLF 

Instruction 

Operation  Code 

Operation 

Assembler  Format 

OP1 

OP2 

Control  Rags 
SET   FLAG 
PULSE   FLAG 

00001 
00001 

0 

1 

tc  set;  (AR)-t-ctl 
fc  pulsed,  (AR)<-ctl 

SFLG          tc 
PFLG         tc 
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Specifies  operation. 


Input/Output  Instructions 


15    I           I           |           |           |            |           |            |     7 

6|           I           I            I           I            10 

OP  CODE 

ctl 

Control  field.  The  value  of  ctl  represents  control  data  for 
input/output  operations. 


Status  Flag  and  Halt  Instructions 


15    |            |            |           |           |            |           | 

7 

6     I           I           I            I           I            I     0 

OP  CODE 

NOT  USED 

Specifies  operation. 

Not  used.  These  bits  are  coded  to  zero  and  are  ignored  for  these 
instructions. 


Control  Flag  Instructions 


15    |           |           |           |    11 

10   |           |     8 

7 

6     |           |           I            I            I           I     0 

OP  CODE  -  OP  1 

fc 

OP  2 

ctl 

Specified  operation 
with  bit  7. 


Control  field.  Designates  a  control  value  that  is  transferred 
to  AR  (address  register)  for  control  flag  instructions.  Bit  7 
of  the  particular  instruction,  a  0  for  SFLG  and  a  1  for 
PFLG,  is  extended  through  bit  15,  and  this  extended 
field  is  transferred  to  bits  7  through  15  of  AR. 

OpCode  2.  Bit  7  with  bits  11  through  15  comprise  the  operation 
code  and  specify  the  operation. 

Flag  code.  Specifies  one  of  eight  flags  that  may  be  set  or  pulsed.  Flag  codes 
are  listed  in  table  3—13. 


Figure  3    10.  Input /Output,  Halt,  and  Flag  Instruction  Formats 
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Register  In  (RIN) 


15   | 

I 

-1 

6     I 

1            1           1 

1    o 

0 

0 

0 

0 

0 

1 

0 

0 

0 

ctl 

Operation:       (AR) <-  ctl  +  (AC3),    (ACO)  <-  (10REG) 

Description:  The  contents  of  AR  (address  register)  are  replaced  by  the  sum  of  ctl  and 
the  contents  of  AC3.  The  new  contents  of  AR  constitute  the  address  of  a 
peripheral  device  and  a  command,  both  of  which  are  received  by  the 
addressed  peripheral  device.  The  peripheral  device  responds  by  transferring 
the  contents  of  its  input/output  register  (10REG)  to  the  processor  ACO. 


Register  Out  (ROUT) 


15   | 

I 

I     7 

6    l 

I           I           I 

I    o 

0 

0 

0 

0 

0 

1 

1 

0 

0 

ctl 

Operation:       (AR)  +■  ctl  +  (AC3),    (IOREG)  <-  (ACO) 

Description:  The  contents  of  AR  (address  register)  are  replaced  by  the  sum  of  ctl  and 
the  contents  of  AC3.  The  new  contents  of  AR  constitute  the  address  of 
a  peripheral  device  and  a  command,  both  of  which  are  received  by  the 
addressed  peripheral  device.  The  processor  then  transfers  the  contents  of 
ACO  to  IOREG  in  the  peripheral  device. 


Halt  (HALT) 


15    | 

I 

I 

7 

6     I 

I           I            I           I 

I     0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NOT  USED 

Description:  The  processor  halts  and  remains  halted  until  the  START  input  makes  a 
transition  from  logic  "1"  to  "0."  A  switch  may  be  wired  to  this  input  such 
that  a  logic  "1"  is  applied  momentarily,  and  then  released  to  a  logic  "0" 
level,  thereby  providing  the  necessary  transition.  The  HALT  flag  is  set  by 
this  instruction,  and  it  remains  set  until  the  processor  comes  out  of  the 
halted  condition. 
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Push  Status  Flags  onto  Stack  (PUSHF) 


15   | 

I 

I 

7 

6     I 

l             I             I             I 

I    o 

0 

0 

0 

0 

0 

0 

0 

0 

1 

NOT   USED 

Operation:       (STK)  <-  (STATUS  FLAGS) 

Description:  The  contents  of  the  top  of  the  stack  STK  are  replaced  by  the  contents  of 
the  status  flags.  See  figure  3-1 1  for  the  configuration  of  processor  flags  on 
the  stack  and  table  3—12  for  processor  flag  definitions.  The  previous 
contents  of  the  top  of  the  stack  and  lower  levels  are  pushed  down  one 
level.  The  contents  of  the  lowest  level  of  the  stack  are  lost. 


Pull  Status  Flags  from  Stack  (PULLF) 


15  | 

| 
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1 

1 

1 

I 

I  7 

6     1 

1           1           1           1 

1     ° 

0 

0 

0 

0 

0 

0 

1 

0 

1 

NOT  USED 

Operation:       (STATUS  FLAGS)  <-  (STK) 

Description:  The  contents  of  the  status  flags  are  replaced  by  the  contents  of  the  top  of 
the  stack  (STK).  See  figure  3-1 1  for  the  configuration  of  processor  flags 
on  the  stack  and  table  3—12  for  processor-flag  definitions.  The  previous 
contents  of  lower  levels  of  the  stack  are  pulled  up  by  one  level  with  zeros 
replacing  the  contents  of  the  lowest  level. 


15 

I     14    I 

13 

|    12    |    11 

10 

9 

8 

-1 

1     6 

5 

4 

1     3 

2 

1 

I     ° 

L 

OV 

CY 

FLAG 
12       GF 

GF 

GF 

GF 

GF 

GF 

GF 

GF 

GF 

GF 

GF 

FLAG 
0 

Bit  Positions 
Flags 


Figure  3-11.   Configuration  of  Status  Flags 


NOTE 

Status  flags  0  and  12  are  externally  available. 
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Table  3-12.   Status  Flags 


Bit  Position 

Flag  Name 

Mnemonic 

Significance 

15 

Link 

L 

Used  for  double-word  shifts 

14 

Overflow 

OV 

Set  if  an  arithmetic  overflow  occurs 

13 

Carry 

CY 

Set  if  a  carry  occurs  (from  most  significant 
bit)  during  an  arithmetic  operation 

12  through  0 

General-Purpose  Flags 

GF 

Use  specified  by  programmer 

Set  Flag  (SFLG) 


15    |           |            |           |     11 

10   |           |     8 

7 

6     I           I           I            I           I            I     0 

0          0          0          0          1 

fc 

0 

ctl 

Operation:  FC  set,  (AR)<-ctl  (bit  7  extended  through  bit  15;  that  is.  bits  8  through 
15  set  to  0) 

Description:  The  control  flag  designated  by  the  flag  code  FC  is  set.  The  contents  of  the 
address  register  AR  are  replaced  by  the  value  of  ctl.  Flag  codes  are  defined 
in  table  3-13. 


Pulse  Flag  (PFLG) 


15    |           |           |           |     11 

10   |           I     8 

7 

6     I           I           I            I           I            I     0 

0         0         0          0          1 

fc 

1 

ctl 

Operation:  FC  pulsed,  (AR)  «-  ctl  (bit  7  extended  through  bit  15;  that  is,  bits  8 
through  15  set  to  1 ) 

Description:  The  control  flag  designated  by  the  flag  code  FC  is  pulsed  (note  2  below). 
The  contents  of  the  address  register  AR  are  replaced  by  the  value  of  ctl. 
Flag  codes  are  defined  in  table  3-13. 


NOTE 

(1)  SFLG  and  PFLG  refer  to  control  flags  external  to  the  RALUs. 
These  flags  should  not  be  confused  with  the  RALU-internal  flags, 
which  are  referenced  by  PUSHF  and  PULLF. 

(2)  Pulsing  a  control  flag  sets  the  flag  at  T2  and  resets  it  at  T6  during 
the  same  microcycle.  The  flag  remains  reset  until  again  set  or 
pulsed. 

(3)  The  ctl  value  plus  the  extended  bit  7  through  bit  15  are 
transferred  to  the  AR  (address  register).  This  word  in  the  AR 
has  no  specified  use  and  may  be  used  as  desired  by  the  system 
programmer. 
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Tabic  J- 13.   Control  Flag  Codes 


FC 

Flag  Mnemonic 

Significance 

000 

001 
010 

on 

100 
101 
110 

111 

F8 

INT  EN 
SEL 

Fll 

F12 
F13 
F14 
c15 

User  Specified 
Interrupt  Enable 
Select 

User  Specified 
User  Specified 
User  Specified 
User  Specified 
User  Specified 

NOTE:    The   flag  designated  by  the  flag  code  (fc)  is  set  or 
pulsed.  Only  control  flags  with  addresses  between  8 
and  15  may  be  accessed  with  these  instructions.  (The 
flag  address  is  8,  binary  1000,  greater  than  the  cor- 
responding flag  code,  FC.)  This  is  done  because  con- 
trol flags  with  flag  addresses  0  through  7  are  used  for 
various   input/output   operations   controlled   by  the 
processor,  and  are  not  usable  by  the  programmer.  The 
SEL  flag  selects  between  CY  and  OV  for  output  on 
the   CYOV  line;  it   also   selects   the   LINK  bit  for 
inclusion  in  shift  and  rotate  operations. 

3.7         EXTENDED  INSTRUCTION  SET 

An  extended  instruction  set  is  available  for  the  IMP-16C  in  the  form  of  a  second  CROM.  This  set  comprises  17 
instructions  divided  into  5  categories: 

•  Double-word  Arithmetic 

•  Load  and  Store  Byte 

•  Bit  Operations 

•  Interrupt  Handling  Operations 

•  Transfer  of  Control  Operations 

The  instructions  for  each  functional  type  are  described  as  a  group.  For  each  instruction,  the  name  of  the  instruction, 
its  mnemonic,  its  word  format,  its  operation  in  the  form  of  an  equation,  and  a  succinct  explanation  of  its  operation  are 
given.  A  tabulated  summary  of  each  type  of  instruction  precedes  the  detailed  descriptions. 


3.7.1        DOUBLE-WORD  MEMORY  ADDRESSING 

Six  of  the  seventeen  instructions  use  a  double-word  instruction  format.  These  instructions  use  direct  and  indirect 
addressing  exactly  as  described  in  3.4,  although  the  instruction  format  is  different  for  these  six  memory-reference 
instructions  from  that  described  in  3.4. The  six  memory -reference  instructions  are  as  follows: 

•  MULTIPLY  (MPY) 

•  DIVIDE  (DrV) 
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•  DOUBLE  PRECISION  ADD  (DADD) 

•  DOUBLE  PRECISION  SUBTRACT  (DSUB) 

•  LOAD  BYTE  (LDB) 

•  STORE  BYTE  (STB) 

The  modified  format  (shown  in  figure  3-12)  is  a  double-word  instruction  format  with  a  16-bit  displacement  field. 
When  using  these  instructions,  all  of  memory  is  directly  addressable,  although  all  indexing  modes  may  still  be  used.  The 
addressing  modes  are  unchanged  from  those  indicated  in  table  3—1.  It  is  important  to  note  when  considering  PC  relative 
addressing,  that  the  PC  contains  the  address  of  the  displacement  word  of  the  instruction. 


Word  n 


Word  n+1 


(Consecutive  memory  locations) 


15  |           |           |           |           |    10 

9     |     8 

7 

6     1           14 

3     1           I           |0 

OP  CODE    1 

INDEX 

(xr) 

1 

OP  CODE  2 

NOT  USED 

15    I           |           |           |           |           |           l           |           I           I           l           I           I           I           I     0 

Displacement  (disp) 

Figure  3-12.  Double-Word  Memory  Reference  Instruction  Format 


3.7.2        DOUBLE-WORD  ARITHMETIC  INSTRUCTIONS 

There  are  four  instructions  in  this  group.  These  are  summarized  in  table  3-14  and  then  individually  described.  The 
word  format  for  the  two  double-precision  instructions  is  shown  in  figure  3-13.  The  multiply  and  divide  instructions 
have  formats  as  shown  in  figure  3—13. 


Table  3- 14.  Double-  Word  Arithmetic  Instructions 


Instruction 

Operation  Code 

Operation 

Assembler  Format 

OP1 

OP2 

DOUBLE  PRECISION   ADD 

000001 

1010 

(AC0),  (ACl)-'-(ACO).  (AC1)  +  (EA),  (EA+1); 
OV.CY;SEL<-0 

DADD       disp(xr) 

DOUBLE    PRECISION   SUBTRACT 

000001 

1011 

(AC0).  (AC1 )  -  (AC0),  (AC1 )  +  "V  (FA), 
-v  (EA+U+  l;OV;CY;SEL  <- 0 

DSUB         disp(xr) 

MULTIPLY  (MPY)   ((EA)>0) 

000001 

1000 

(AC0),  (ACl)-(-(ACl)*(EA);SEL<-0;  L  altered 

MPY           disp(xr) 

DIVIDE   (DIV)   ((EA)>0) 

000001 

1001 

(ACQ)   *~  INTEGER   PART  Ol 
[(AC0),  (ACl)^  tl.AIJ  , 

(AC1)   *-  REMAINDER  OF 
|(AC0).  (ACl)-MEA)]  ; 

OV;SEL*-0;  L  altered 

DIV           disp(xr) 
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OpCode  1  (OP1).  Specifies  operation  with  OpCode  2  (OP2). 


Indexing  designator.   When   nonzero,   designates   index   register  whose 
contents  are  the  addend  for  address  calculation  (table  3—2). 

OpCode  2  (OP2).  Along  with  OpCode  1,  specifies  operation. 

'  Not  used.  Coded  to  zeros  and  ignored 

for  these  instructions. 


15   | 

I        I      _L 

I    10 

9     |     8 

7      I            i            I 

4    , 

3 

I         I         I    o 

OP  CODE    1 

xr 

OP  CODE   2 

NOT  USED 

15    | 

I        I        I 

I 

I            I            I            I            I 

i 

I            I            I     0 

Displdcement  (disp) 

Displacement.  Designates  direct  address  if  XR  field  is  00;  otherwise,  designates  augend  for  index  address 
calculation  (table  3-1 ).  Is  a  signed  16-bit  number. 


Figure  3-13.  Double-Precision  (Double-  Word)  A  rithmetic  Instruction  Format 


Double-Precision  Add  (DADD) 
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I  10 

9     |     8 
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I            I 

I     4 

3 

1            1            I 

0 

0 

0 

0 

0 

0 

1 

xr 

1 

0 

1           0 

NOT  USED 

15 

I 

I 

I 

1 

1             1 

I            I 

1 

1            1            1 

0 

disp 

Operation:       (ACO),  (AC1)  <-  (ACO),  (AC1)  +  (EA),  (EA+1);  OV;  CY;  SEL  *-  0 

Description:  The  double-precision  twos-complement  value  in  ACO  (high  order)  and 
AC1  (low  order)  is  added  to  the  double-precision  twos-complement  value 
in  EA  (high  order)  and  EA+1  (low  order),  and  the  result  is  stored  in  ACO 
and  AC1.  The  contents  of  EA  and  EA+1  are  unchanged.  The  overflow  or 
carry  flag  is  set  if  an  overflow  or  carry  occurs,  respectively;  otherwise, 
they  are  cleared.  The  select  flag  is  cleared. 
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Double-Precision  Subtract  (DSUB) 


15 

I 

I 

I 

I  10 

9     |     8 

7 

I 

I 

I     4 

3 

I           I           I 

0 

0 

0 

0 

0 

0 

1 

xr 

1 

0 

1 

1 

NOT  USED 

15    | 

I 

I 

I 

I 

I            I 

I 

I 

I 

I            I            I 

0 

disp 

Operation:        ( ACO),  ( AC  1 ) «-  (ACO),  (AC  1 )  +  ^  [(EA),  (EA+ 1 )]  +  1 ;  OV ;  C Y ;  SEL  «-  0 

Description:  The  double-precision  twos-complement  value  in  EA  (high  order)  and  EA+1 
(low  order)  is  subtracted  from  the  double-precision  twos-complement 
value  in  ACO  (high  order)  and  AC1  (low  order).  The  contents  of  EA  and 
EA+1  are  unchanged.  The  overflow  or  carry  flag  is  set  if  an  overflow  or 
carry  occurs,  respectively;  otherwise,  they  are  cleared.  The  select  flag  is 
cleared. 


Multiply  (MPY) 


15    |           |           |           |           |    10 

9     |     8 

-1     1            1           1     4 

3     I            I            I     0 

0          0         0         0         0           1 

xr 

10          0          0 

NOT  USED 

15    l           |           I           |           |           |           I           I           I           |           |           I           I           I           I     0 

disp 

Operation:       (ACO),  (AC1)  <-  (AC1)  *  (EA);  SEL  <-  0;  L  altered 

Description:  The  unsigned  integer  in  AC1  is  multiplied  by  the  positive  integer  in  the 
effective  memory  location  EA.  The  high-order  part  of  the  32-bit  result  is 
stored  in  ACO  and  the  low-order  part  is  stored  in  AC1.  The  previous 
contents  of  ACO  and  AC  1  are  lost.  The  contents  of  EA  are  unaffected.  The 
select  flag  is  cleared.  The  link  flag  is  left  in  an  arbitrary  state. 
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Divide  (DIV) 


15  | 

I 

I 

I 

I  10 

9     |     8 

7 

I 

I 

I  4 

3 

I            I            I 

0 

0 

0 

0 

0 

0 

1 

xr 

1 

0 

0 

1 

NOT  USED 

15    | 

I 

I 

I            I 

I 

I 

I 

I            I            I 

0 

disp 

Operation:        (ACO),  (AC1)  «-  (ACO),  (AC1)  -r  (EA);  OV;  SEL  -  0;  L  altered 

Description:  The  positive  32-bit  integer  in  ACO  (high-order  part)  and  AC1  (low-order 
part)  is  divided  by  the  contents  (a  positive  number)  of  the  effective 
memory  location  EA.  The  integer  quotient  is  placed  in  AC1  and  the 
remainder  in  ACO.  The  overflow  flag  (OV)  is  set  if  either  of  the  following 
occurs:  (1)  the  high-order  part  of  the  dividend  (initial  contents  of  ACO)  is 
greater  than  or  equal  to  the  divisor,  or  (2)  the  quotient  is  negative.  The 
select  flag  is  cleared.  The  link  flag  is  left  in  an  arbitrary  state.  The  contents 
of  EA  are  unchanged.  Division  by  zero,  an  illegal  operation,  falls  into 
case  1  above. 


3.7.3        BYTE   INSTRUCTIONS 

There  are  two  instructions  in  this  category;  both  are  double-word,  memory  reference  instructions.  They  are  summarized 
in  table  3—15  and  then  individually  described.  Their  word  format  is  shown  in  figure  3—13. 


Table  3  -15.  Byte  Instructions 


Instruction 

Operation  Code 

Operation 

Assembler  Format 

OP1 

OP2 

LOAD  BYTE 

000001 

1100 

(Low-order  byte  of  ACO)  «-  byte  from  (EA  4-  2);  SEL «-  0 

LDB       disp(xr) 

STORE  BYTE 

000001 

1101 

Byte  of  (EA  ■*■  2)  «-  (low-order  byte  of  ACO);  SEL  <-  0 

STB        disp(xr) 
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LOAD  BYTE  (LDB) 


15    | 

I 

1 

1 

1  10 

9     |     8 

7 

I 

I     4 

3 

I            I            I 

0 

0 

0 

0 

0 

0 

1 

xr 

1 

1 

0 

0 

NOT  USED 

15| 

I 

I            I            I 

I 

I 

I            I            I 

0 

disp 

Operation:        Low-order  byte  of  (ACO)  <-  byte  from  (EA  -f  2);  SEL  «-  0 

Description:  The  low-order  byte  of  ACO  is  loaded  with  a  byte  from  (EA  -f  2).  If  the 
low-order  bit  of  EA  is  1,  the  low-order  byte  is  loaded;  otherwise,  the 
high-order  byte  is  loaded.  (Note:  EA  -r  2  is  the  effective  address  shifted 
right  one  position.)  The  high-order  byte  of  ACO  is  set  equal  to  zero.  The 
select  flag  is  cleared. 


STORE  BYTE  (STB) 


15 

I  10 

9     |     8 

7 

I 

4 

3 

I           I           I 

0 

0 

0 

0 

0 

0           1 

xr 

1 

1 

0 

1 

NOT  USED 

15    | 

I 

I     I 

I           I            i 

I 

I 

I           I           I 

0 

disp 

Operation:        Byte  of  (EA  -i-  2)  <-  low-order  byte  from  (ACO);  SEL  «-  0 

Description:  The  low-order  byte  of  ACO  is  stored  into  the  byte  of  (EA  -f  2)  specified 
by  the  low-order  bit  of  EA.  If  the  low-order  bit  is  1,  the  low-order  byte 
is  specified;  otherwise,  the  high-order  byte  is  specified.  (Note:  EA  -r  2  is 
the  effective  address  shifted  right  one  position.)  The  unspecified  byte  of 
EA  -r  2  and  the  contents  of  ACO  are  unaffected.  The  select  flag  is  cleared. 


PROGRAMMING  NOTE 

The  effective  address  is  formed  by  adding  the  contents  of  the  index 
register  to  the  displacement  (EA  =  XR  +  DISP).  Byte  addresses  are 
formed  by  shifting  this  quantity  right  one  bit  position  (EA  -f  2  = 
[XR  +  DISPJ/2  =  XR/2  +  DISP/2).  Bit  0  of  the  EA  specifies  the  left 
byte  if  equal  to  1 ;  the  right  bit  if  equal  to  zero. 
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3.7.4        BIT  AND  STATUS  FLAG   INSTRUCTIONS 

There  are  seven  single-word  instructions  in   this  group.  They  are  summarized  in  table  3-16  and  then  described 
individually.  Their  word  formats  are  shown  in  figure  3-14. 


Bit  and  Status  Flag  Instructions 


15 

I 

1 11 

10    | 

I            I            I            I 

I     4 

3     I 

I 

I     ° 

0 

0 

0 

0 

0 

OP  CODE   2 

n 

Specifies  operation. 


I 

Bit    or    flag    number.    Specifies    the 

number  of  flag  or  bit  to  be  operated 

on. 

OpCode  2  (OP2).   Along  with  OpCode  1,  specifies  operation. 

OpCode  1  (OP1).  Is  all  zeros  for  this  group  of  instructions.  Along  with  OpCode  2,  specif  ies  operation. 


Pull  and  Push  Status  Flag  Instructions 


15    I           |           |           I           |            I           |            |     7 

6     1           I           I            I            I            I     0 

OP  CODE 

NOT  USED 

Specifies  operation. 


I 

Not  used.  These  bits  are  coded  to  zero  and  are  ignored 

for  these  instructions. 


Figure  3- 14.  Bit  and  Status  Rag  Instruction  Formats 
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Table  3-16.  Bit  and  Status  Rag  Single-  Word  Instructions 


Instruction 

OpCode  2 

Operation 

Assembler  Format 

SET  STATUS  FLAG 

1110000 

Status  Flag  ri  «-  1 ;  SEL  «-  0 

SETST         n 

CLEAR  STATUS  FLAG 

1110001 

Status  Flag  n  «-  0;  SEL  *-  0 

CLRST         n 

SET  BIT 

1110010 

AC0n*-l;  SEL^O 

SETBIT        n 

CLEAR  BIT 

1110011 

AC0n  *-  0;  SEL  -  0 

CLRBIT       n 

COMPLEMENT  BIT 

1110110 

AC0n  «-  -  AC0n;  SEL^O 

CMPBIT       n 

SKIP  IF  STATUS  FLAG  TRUE 

1110100 

IF  Status  Flag  n  =  1 ,  then  (PC)  «-  (PC)  +  1 ; 
SEL^O 

SKSTF         n 

SKIP  IF  BIT  TRUE 

1110101 

IF  ACOn  =  1 ,  then  (PC) «-  (PC)  +  1 ; 
SEL^O 

SKBIT          n 

SET  STATUS  FLAG  (SETST) 


JU I L 


11 


10 


J__l L± 


i_J L 


Operation:        Status  Flag  n  <-  1 ;  SEL  <-  0 

Description:     Bit  n  of  the  status  flag  register  is  set  true.  All  other  bits  are  unaffected. 
The  select  flag  is  cleared.  (0  <  n  <  1 5) 


CLEAR  STATUS  FLAG  (CLRST) 


15    |           |           |           |    11 

10    |           |            |            |            I           I     4 

3     I           I           I     0 

0         0          0          0         0 

1            110          0          0          1 

n 

Operation:       Status  Flag  n  *-  0;  SEL  «-  0 

Description:     Bit  n  of  the  status  flag  register  is  cleared.  All  other  bits  are  unaffected. 
The  select  flag  is  cleared.  (0  <  n  <  15) 
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SET  BIT  (SETBIT) 
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Operation:       AC0n  «-  1 ;  SEL  *-  0 

Description:     Bit  n  of  ACO  is  set  true.  All  other  bits  are  unaffected.  The  select  flag  is 
cleared.  (0  <  n  <  15) 


CLEAR  BIT  (CLRBIT) 
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Operation:       AC0n  «-  0;  SEL  «-  0 

Description:     Bit  n  of  ACO  is  cleared.  All  other  bits  are  unaffected.  The  select  flag  is 
cleared.  (0  <  n  <  15) 


COMPLEMENT  BIT  (CMPBIT) 
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Operation:        ACOn  «-  ~  ACOn ;  SEL  «-  0 

Description:     Bit  n  of  ACO  is  complemented.  All  other  bits  are  unaffected.  The  select 
flag  is  cleared.  (0  <  n  <  15) 


SKIP  IF  STATUS  FLAG  TRUE  (SKSTF) 
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Operation:       IF  Status  Flag  n  =  1 ,  (PC)  «-  (PC)  +  1 ;  SEL  «-  0 

Description:     If  Status  Flag  n  is  true,  the  next  memory  location  is  skipped.  The  contents 
of  the  status  flags  are  unaffected.  The  select  flag  is  cleared. 
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SKIP  IF  BIT  TRUE  (SKBIT) 
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Operation:       IF  ACOn  =  1 ,  (PC) «-  (PC)  +  1 ;  SEL  «-  0 

Description:     If  bit  n  of  ACO  is  true,  the  next  memory  location  in  sequence  is  skipped. 
The  contents  of  ACO  are  unaffected.  The  select  flag  is  cleared. 


PROGRAMMING  NOTE 

Caution  should  be  taken  when  coding  a  skip  instruction  to  prevent  the 
skip  condition  from  jumping  into  the  displacement  field  of  a  double- 
word  instruction. 


3.7.5        INTERRUPT  HANDLING  INSTRUCTIONS 

There  are  two  instructions  in  this  group,  listed  in  table  3-17.  Their  word  format  is  shown  in  Figure  3-15,  and  then 
described  in  succeeding  paragraphs. 


Table  3- 1 7.  Interrupt  Handling  Instructions 


Instruction 

OpCode  2 

Operation 

Assembler  Format 

INTERRUPT  SCAN 

1010001 

If(ACl)  =  0,  SEL<-0; 

If(ACl)/0,  SEL<-0; 

AC1  "-(shift  AC1  right  1] 
until  1  shifted  out 

(AC2)  «-  (AC2)  +  number  of 
shifts;  (PC)«-(PC)+  1 

ISCAN 

JUMP  INDIRECT  TO   LEVEL  0  INTERRUPT 

1010010 

(STK)+-(PC);  (PC)^([12016  +  disp|) 
lNTEN<-0 

JINT       disp 

ISCAN,  JINT,  and  JMPP  Instructions 


15    |           |           |           |    11 

10  I      I      I      I      I      I  4 

3     I           I           I     0 

0          0          0          0          0 

OP  CODE   2 

disp 

Displacement  or  pointer.  Except  for 
Interrupt  Scan  (when  not  used),  is 
added  to  fixed  base  to  compute 
address  containing  jump  location. 

OpCode  2  (OP2).   Along  with  OpCode  1,  specifies  operation. 

OpCode  1   (OP1).  All  zeros  for  this  group  of  instructions.  Specifies  operation  along  with  OpCode  2. 


Figure  3-15.  Interrupt  and  Word  Jump  Formats 
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INTERRUPT  SCAN  (ISCAN) 
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NOT  USED 

Operation:        If  AC1  =  0,  SEL  *-  0; 
Else,        SEL  «-  0; 

(AC1)  «-  (shift  AC1  right  1)  until  1  shifted  out; 
(AC2)  «-  (AC2)  +  number  of  shifts; 
(PC)  «-  (PC)  +  1 

Description:  If  AC1  =  0,  the  select  flag  is  cleared  and  the  next  instruction  is  executed. 
If  AC1  f  0,  then  the  select  flag  is  cleared  and  AC1  is  shifted  right  until  a  1 
is  shifted  out  of  bit  0.  The  number  of  shifts  which  occurred  is  added  to  the 
contents  of  AC2.  The  next  memory  location  is  skipped. 


JUMP  TO  LEVEL  0  INTERRUPT,  INDIRECT  (JINT) 
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disp 

Operation:       (STK)«-(PC);  (PC)  «-  ([12016  +  disp] );  INTEN  <-  0 

Description:  The  contents  of  the  PC  are  pushed  onto  the  top  of  the  stack.  The  new 
contents  of  the  PC  are  set  equal  to  the  contents  of  the  memory  location 
whose  address  is  formed  by  adding  disp  to  120i6.  The  interrupt  enable  flag 
is  cleared. 


3.7.6        TRANSFER-OF-CONTROL  INSTRUCTIONS 

There  are  two  instructions  in  this  group,  summarized  in  table  3-18.  The  word  formats  are  depicted  in  figures  3-15  and 
3-  16. 


Table  3- 18.   Transfer-of-Control  Instructions 


Instruction 

OP2 

Operation 

Assembler  Format 

JUMP  THROUGH  POINTER 

1010000 

(PC)-(10016  +  disp) 

JMPP       disp 

JUMP  TO  SUBROUTINE  THROUGH  POINTER 

0110 

(STK)^(PC); 

(PC)-(disp+10016) 

JSRP       disp 
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15     |           |           |           |    11 

10    |           |           |     7 

6     |           |           |           I           I           I    0 

0         0         0          0          0 

OP  CODE   2 

disp 

Specifies  operation. 

Displacement  value.  Added  to  the  contents  of  100^  to 
compute  address  containing  jump  location. 

OpCode  2  (OP2).  Specifies  operation  along  with  OP1. 

OpCode  1  (OP1).  All  zeros  for  this  instruction.  Specifies  operation  along  with  OP2. 


Figure  3-16.  Jump  to  Subroutine  Through  Pointer  Instruction  Format 


JUMP  THROUGH  POINTER  (JMPP) 
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disp 

Operation:       (PC)  ^([10016)  +  disp]  ) 

Description:     The  contents  of  the  PC  are  set  equal   to  the  contents  of  the  memory 
location  addressed  by  the  sum  of  the  contents  of  location  100i6  and  disp. 


JUMP  TO  SUBROUTINE  THROUGH  POINTER  (JSRP) 
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Operation:       (STK)<-(?C),  (PC) «-  ([10016)  +  disp]) 

Description:  The  program  counter  is  pushed  onto  the  top  of  the  stack.  The  new 
contents  of  the  PC  are  set  equal  to  the  contents  of  the  memory  location 
addressed  by  the  sum  of  the  contents  of  location  100i6  and  disp. 
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Chapter  4 
CIRCUIT  DESCRIPTIONS 


This  chapter  treats  each  functional  block  of  the  IMP-16C  at  the  circuit  level,  explaining  the  circuit  operation  and  design 
configurations.  Functional  blocks  are  considered  individually,  and,  at  the  end  of  this  chapter,  figure  4-6,  an  overall 
schematic  diagram  of  the  IMP-16C,  is  presented  on  three  foldout  sheets.  These  should  be  referred  to  during  the  circuit 
descriptions  that  follow.  Each  circuit  described  is  shown  in  a  broken-line  enclosure  having  the  name  of  the  circuit. 

Figure  4-7  is  a  functional  block  diagram  of  the  IMP- 1 6C  circuits  detailed  on  the  schematic  diagram  of  figure  4-6.  Most 
of  the  units,  the  data  flow,  and  the  control  functions  are  briefly  explained  in  chapter  2  with  reference  to  figure  2-1. 
The  clock  and  timing  circuits,  refresh  logic,  system  initialization,  and  jump/flag  timing  and  control  logic  are  further 
details  added  to  figure  4-7  so  it  corresponds  to  and  gives  an  exact  overview  of  the  actual  circuits  on  the  IMP-16C 
schematic  diagram.  The  sheet  number  given  in  each  functional  block  of  figure  4-7  refers  to  the  sheet  number  of  figure 
4—6  on  which  the  circuit  is  detailed. 

Figure  4-7  is  on  a  foldout  sheet  located  following  figure  4-6  so  it  may  be  readily  referenced  from  any  part  of  this 
chapter  or  as  a  quick  guide  to  the  schematic  diagram  of  figure  4-6. 

A  parts  list  and  a  component  layout  of  the  IMP-16C  card  are  presented  in  table  4-2  and  figure  4-8,  respectively. 

The  descriptions  that  follow  mention  one  CROM  in  the  text;  however,  all  discussions  also  apply  to  the  case  of  two 
CROMs. 


4.1         MASTER  CLOCK  AND  4-PHASE  CLOCK  GENERATORS  (Sheet  1,  figure  4  -6) 

The  4-phase  clocks  required  for  the  CPU  devices  (one  CROM  and  four  RALUs)  are  generated  with  a  shift  register  and 
two  MH0026  clock  drivers.  The  master  clock  signal  is  generated  by  a  crystal  oscillator  circuit  made  from  a  DM101 16 
triple  line  receiver  connected  as  an  amplifier  and  a  Schmitt  trigger  circuit.  Two  transistors,  Ql  and  Q2,  provide  level 
shifting  to  convert  from  ECL  levels  to  TTL  compatible  logic  signals. 

The  shift  register  DM74195  generates  four  clock  signals,  each  of  which  lasts  for  two  time  periods.  These  signals  are  then 
logically  gated  to  yield  the  odd  phases  that  drive  the  MH0026  clock  driver  devices.  The  MH0026  clock  drivers  are 
capable  of  driving  1000  pf  loads  with  rise  and  fall  times  of  20  ns.  The  typical  loading  by  the  CROM  and  the  RALUs  is 
215  pf  (45  pf  for  each  device).  The  resistors  in  the  output  lines  of  the  MOS  clock  drivers  damp  out  any  possible  clock 
overshoots  by  compensating  for  the  inductance  of  the  clock  lines. 

The  DM74195  shift  register  outputs  are  also  used  to  generate  some  of  the  other  timing  signals  required  in  accordance 
with  the  timing  diagrams  shown  in  figure  4-1 .  These  signals  are  derived  by  gating  the  appropriate  shifi  register  outputs 
with  various  combinations  of  the  master  clock  and  the  shift  register  input  clock. 

In  figure  4-1,  the  symbols  used  to  designate  clock  periods  have  the  following  significance:  the  numbers  following  the 
letter  C  denote  the  specific  time  period  for  which  the  signal  is  valid.  For  example,  C23  refers  to  a  clock  that  is  high 
during  T2  and  T3.  Similarly,  CLK81  refers  to  a  signal  derived  from  the  logical  AND  of  C81  and  CLK.  The  MOS  clocks 
and  phase  signals  that  drive  the  CPU  circuits  are  shown  in  figure  4—2. 
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Figure  4-1.  IMP-16C  Basic  Timing  Signals 
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Figure  4-2.  MOS  Clocks  and  Phase  Signals 
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4.2         MOS/LSI  CPU  LOGIC  (Sheet  3,  figure  4-6) 

The  CPU  consists  of  one  CROM  and  four  RALU  circuits  driven  by  the  4-phase  clocks.  Control  between  the  CROM  and 
the  RALUs  is  effected  over  the  NCB  (complemented  control  bus)  lines.  The  DI  (Data  In)  lines  to  the  CROM  serve  the 
purpose  of  entering  the  instruction  word  bits  7  through  15  into  the  CROM.  For  sending  out  a  4-bit  address  to  the 
Conditional  Jump  Multiplexer  and  the  Control  Flag  latches,  the  lines  JFAO  through  JFA3  (bidirectional  from  the 
CROM)  are  used.  The  jump  condition  signal  (NJCOND)  enters  the  CROM  at  the  same  pin  as  bit  7  of  the  instruction 
word.  The  CROM  has  a  flag  enable  signal1  (NFLEN)  that  may  be  pulsed  during  T2  to  set  a  particular  control  flag 
and/or  may  be  pulsed  at  T6  to  reset  the  flag  (figure  2—4). 

The  other  signals  that  go  to  and  come  from  the  CPU  indicate  various  status  conditions  and  also  perform  certain 
auxiliary  operations.  The  following  paragraphs  explain  these  functions. 

During  an  instruction  fetch,  bits  0  through  7  are  loaded  into  the  RALU  Memory  Data  Register  (figure  2-2),  and  bit  7 
of  the  instruction  word  is  extended  through  bit  positions  8  through  15  of  the  Memory  Data  Register.  In  this  way,  the 
signed  displacement  value  "disp"  discussed  in  chapter  3  is  extended  for  use  in  arithmetic  operations  for  forming 
memory  addresses  and  for  immediate  instructions.  The  SININ  signal  to  the  RALUs  accomplishes  the  sign  extension. 
For  the  two  low-order  RALUs  (1  and  2),  the  SININ  pins  are  permanently  connected  to  a  logic  0  (-12V).  For  the  two 
high-order  RALUs  (3  and  4),  where  bits  8  through  15  are  located,  the  SININ  pins  are  connected  to  the  bit  7  output  of 
the  Buffered  Data  Out  lines;  this  bit  7  is  used  in  the  two  high-order  RALUs  (3  and  4)  to  effect  the  sign  extension  of 
"disp"  of  the  instruction  word. 

The  STF  signal  indicates  a  "stack-full"  condition.  When  the  bottom  entry  of  the  stack  is  filled  with  nonzero  data,  the 
STF  line  is  a  "1."  The  STF  lines  of  all  RALUs  are  tied  together  and  connected  to  the  Conditional  Jump  Multiplexer  to 
allow  testing  for  the  stack-full  condition.  A  similar  scheme  is  used  to  detect  a  zero-result  condition  with  the  NREQO 
signal.  The  NREQO  lines  are  tied  together  for  all  the  RALUs;  the  NREQO  signal  is  a  "0"  if  the  R-bus  is  zero  as  a  result 
of  the  preceding  machine  cycle. 

During  T7  and  T8,  CSH3  and  CSHO  are  used  to  transfer  shift  data:  for  a  left  shift,  the  most  significant  bit  is  shifted  out 
over  CSH3,  and  the  least  significant  bit  is  shifted  in  by  CSHO;  for  a  right  shift,  the  converse  is  true. 

Each  RALU  has  four  status  flags,  which  are  interfaced  to  the  A-  and  R-buses.  This  provides  a  convenient  means  of 
saving  status  after  an  interrupt  and  for  setting  the  status  flags.  For  all  except  the  most  significant  RALU  (4),  the  status 
flags  are  general  purpose  and  may  be  used  for  a  variety  of  functions,  depending  on  the  application  requirements.  For 
the  most  significant  RALU  (4),  the  status  flags  have  the  following  functions: 

LINK  Flip-Flop.   When  the  SEL  input  to  the  RALU  is  "1,"  the  Link  Flag  (L)  is  included  in  shift 
operations. 

OVERFLOW  Flag.  When  enabled  (under  control  of  the  CROM),  the  Overflow  Flag  (OV)  is  set  if  an 
arithmetic  overflow  occurs  during  an  add  operation. 

CARRY  Flag.  When  enabled  (under  control  of  the  CROM),  the  Carry  Flag  (CY)  is  set  to  the  value  of 
the  carry  bit  out  of  the  most  significant  ALU  bit  after  an  add  operation  (figure  2-2). 

FLAG  Flip-Flop.  This  flag  is  available  for  general-purpose  use. 

These  status  flags  may  be  loaded  from  the  R-bus  or  stored  onto  the  A-bus  under  control  of  the  Save/Restore  Flag 
(SVRST)  input,  this  is  used  by  the  CROM  to  implement  the  PUSHF  and  PULLF  instructions.  The  output  of  the 
general-purpose  Flag  is  available  at  the  Flag  output  pin;  Carry  and  Overflow  Flags  are  available  at  CYOV.  The  Select 
Flag  (SEL)  input  is  used  to  select  the  Carry  or  Overflow  for  output  on  CYOV  and  to  determine  whether  the  Link  (L) 
is  included  in  shift  operations  (discussed  in  chapter  3).  General-purpose  flags  0  and  12  are  brought  out  to  terminals  on 
the  IMP-16C  edge  connector  as  signals  FLAGO  and  FLAG  12.  The  next  section  describes  the  flag  logic  circuits. 


The  prefix  "N"  to  a  signal  name  denotes  logical  complementation  in  the  MOS/LSI  CROM  and  RALUs.  For  signals  generated  external 
to  these  units,  an  asterisk  (*)  suffixed  to  the  signal  name  denotes  complementation. 
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4.3        CONTROL  FLAGS  AND  CONDITIONAL  JUMP  MULTIPLEXER  LOGIC  (Sheet 2,  figure  4   6) 

External  to  the  CPU  portion  of  the  IMP-16C  is  the  logic  required  to  set  and  reset  the  control  flags  and  to  select  one  of 
16  jump  conditions. 

The  Hag  addresses  sent  out  by  the  CROM  are  latched  to  keep  them  stable;  this  is  done  with  a  DM9322  multiplexer 
connected  as  a  latch  by  feeding  the  outputs  back  to  the  second  set  of  inputs.  (This  particular  technique  has  been  chosen 
here  because  the  DM9322  has  less  propagation  delay  than  conventional  DM7475  or  DM74175  latches.)  The  CROM  sends 
out  die  (lag  addresses  at  Tl;  these  are  latched  in  the  DM9322  device  during  the  latter  half  of  Tl  by  the  signal  CLK81 . 

The  latched  addresses  are  dien  used  to  select  one  of  16  jump  conditions  in  a  DM8219  16-to-l  multiplexer.  The 
complemented  flag  enable  signal  (NFLEN),  which  is  low  at  T2  and  then  again  at  T6,  enables  the  selection  of  a  flag  in 
one  of  the  two  DM9334  8-bit  addressable  latch  devices.  The  data  to  the  addressable  latches  comes  from  the  signal 
C8123,  which  provides  a  logic  "1"  when  NFLEN  is  low  at  T2  and  a  logic  "0"  when  NFLEN  is  low  again  atT6.  This 
allows  setting  and  resetting  of  the  flags  (figure  2-4)  under  control  of  NFLEN  at  T2  and  T6,  respectively. 

The  output  of  the  TR1-STATE  DM8219  device  is  tied  directly  to  the  jump  condition  (NJCOND)  input  of  the  CROM. 
This  is  the  line  that  is  tested  during  conditional  jump  operations;  the  testing  is  done  during T2  (figure  2— 4).  The  START 
and  JC12  through  JC15  inputs  are  user-supplied  signals  and  could  be  asynchronously  generated.  Thus,  in  order  to  ensure 
that  the  logic  levels  for  these  signals  are  stable  during  T2,  synchronizing  latches  are  provided. 

The  various  conditions  that  can  be  tested  are  hardwired  to  the  conditional  jump  multiplexer  according  to  table  3—8  in 
chapter  3.  Four  user-assigned  jump  conditions  and  six  user-assigned  control  flag  lines  are  brought  out  to  pins  on  the 
edge  connector. 

The  more  significant  8  of  the  16  control  flags  may  be  set  using  the  SFLG  instruction  and  cleared  or  pulsed  using  the 
PFLG  instruction;  the  assignments  of  these  flags  (F8,  INT  EN,  SEL,  and  Fll  through  F15)  are  listed  with  their  flag 
codes  (FCs)  in  table  3- 13.  The  SEL  control  flag  affects  shift  operations  as  described  in  3.6.6,  and  also  selects  CY  or  OV 
for  output  on  the  CYOV  line  (see  table  3-8).  The  less  significant  8  flags  are  affected  by  the  CROM-resident 
microprograms.  The  assignment  of  diese  flags  is  listed  in  table  4-1. 


Table  4-  1.  Control  Flags  Affected  by  Microprogram 


Flag  Number 

Signal  Name 

Function 

0 

RDM 

Read  Memory 

1 

WRM 

Write  Memory 

2 

RDP 

Read  Peripheral 

3 

WRP 

Write  Peripheral 

4 

CPINP 

Control  Panel  Input  Flag 

5 

SVRST 

Save/Restore  Status  Flags 

6 

LDAR 

Load  Address  Register 

7 

HLT 

Set  by  HALT  Instruction 

4.4         INPUT  MULTIPLEXER.  DATA  BUFFER,  AND  ADDRESS  LATCHES  (Sheet 3,  figure 4-6) 

The  16-bit  bidirectional  data  bus  from  the  RALU  devices  is  used  to  transfer  all  information  between  the  CPU  and 
mcmorv  and  peripheral  units.  This  bus  is  buffered  by  passing  all  output  signals  through  a  set  of  TRI-STATE  DM8095 
hex-buffer  circuits. 
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Input  data  destined  for  the  CPU  are  passed  through  a  set  of  input  multiplexers  such  that  data  from  a  memory  or 
peripheral  unit  may  be  switched  in.  The  TRI-STATE  DM8123  multiplexers  are  controlled  by  RDM,  the  read  memory 
flag  (delayed  until  T7  because  data  may  be  accepted  into  the  CPU  only  at  T7,  as  shown  in  figure  2-4). 

During  T7,  the  data  lines  are  used  for  input  to  the  RALU  from  system  memory  or  peripheral  devices.  The  data  receivers 
are  "zeros  catching,"  so  the  data  lines  must  not  be  allowed  to  go  negative  during  T7  unless  the  data  input  is  to  be  a  zero. 
Because  of  this  zeros  catching  feature,  the  strobe  signal  for  input  data  (DISTR*)  is  generated  such  that  it  occurs  during 
the  latter  half  of  T7 ;  this  ensures  that  the  data  bits  will  be  strobed  in  only  when  it  is  assured  that  they  are  stable. 

When  the  data  bus  is  sending  out  an  address  during  read  and  write  operations,  the  address  is  stored  in  a  register  consisting 
of  four  DM8551  quad-D  flip-flops.  These  address  lines  are  brought  out  to  terminals  on  the  edge  connector  to  be  used 
for  addressing  peripheral  devices  and  add-on  memory.  Data  from  the  RALU  are  sent  out  during  part  of  T3  and  all  of  T4 
(figure  2—4)  and  are  clocked  into  the  latch  if  the  RDM  and  the  LDAR  flag  is  set.  The  RDM  and  LDAR  flags  are  pulsed 
(set  at  T2  and  reset  at  T6)  during  memory  read  and  write  operations.  The  outputs  of  the  DM8551  devices  may  be 
disabled  by  logically  controlling  the  ODIS  line.  If  ODIS  is  taken  to  a  logic  "1,"  the  bus  is  disabled. 


4.5         READ/WRITE  AND  READ-ONLY  MEMORIES  (Sheet 4,  figure 4-6) 

When  executing  a  memory  read  operation,  the  processor  sends  out  an  address  on  the  RALU  data  input/output  bus; 
this  address  starts  coming  up  during  T3,  and  it  is  assured  of  being  valid  during  T4.  In  the  IMP-16C,  the  address  is 
strobed  into  a  latch  at  T4.  If  the  processor  is  used  with  slow  memories  whose  access  times  are  longer  than  the  interval 
between  T4  and  T7,  it  is  necessary  to  stretch  a  clock  period  to  allow  for  the  slow  access.  For  this  purpose,  the  circuit 
clock  phase-4  stretcher  (sheet  1,  figure  4—6)  is  used  to  extend  T4  for  an  additional  two  periods. 

During  read  and  write  operations,  a  clock  hold  signal  (HCLK)  is  developed  during  C3.  The  timing  relations  are  given  in 
figure  4-3.  This  signal  sets  a  flip-flop  output  (HOLD)  such  that  a  count-by-four  circuit  is  enabled.  After  four  counts  of 
the  master  clock,  the  HOLD  flip-flop  is  shut  off.  The  delay  provided  by  the  counter  circuit  is  used  to  inhibit  phase  4  of 
the  clock  generator  circuit. 
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Figure  4-3.   Timing  Relations  for  Clock  Hold  Function 


On-board  address  decoding  for  the  memory  is  arranged  such  that  address  bit  15  controls  the  selection  of  the  read-write 
and  read-only  memories.  Bits  9  through  14  are  ignored.  Thus,  if  bit  15  is  a  logic  "1"  the  ROMs  are  selected,  and  if 
bit  15  is  a  logic  "0"  the  RWM  is  selected.  If  it  is  desired  to  change  this  arrangement  or  to  use  add-on  memory,  external 
address  decoding  must  be  done  and  appropriate  signals  supplied  to  the  CSO,  CS1,  and  CS2  pins  of  the  IMP-16C.  This 
option  is  explained  in  chapter  9. 
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4.6         INTERRUPT  HANDLER  (Sheet  1,  figure  4-6) 

The  IMP-I6C  interrupt  facility  is  handled  through  the  conditional  jump  multiplexer  inputs.  Two  interrupt  inputs  are 
provided.  One  is  directly  wired  to  the  Conditional  Jump  Multiplexer  and  responds  to  a  specific  interrupt  by  jumping  to 
a  microprogram  subroutine  designed  for  control  panel  interrupts,  as  described  in  chapter  6.  The  other  interrupt  is  a 
general  interrupt  input  (INTRA),  which  can  be  wired  to  the  user's  interrupting  device.  The  processing  of  interrupts  is 
described  in  chapter  6. 

The  flip-flop  output  (INT-Q1)  is  set  high  whenever  an  external  interrupt  (INTRA)  or  a  stack-full  signal  (STFL)  is  true 
simultaneously  with  the  interrupt  enable  (1NTEN)  flag.  INT-Q1  is  wired  to  the  interrupt  input  of  the  conditional  jump 
multiplexer.  The  interrupt  processing  microprogram  resets  the  interrupt  enable  (INTEN)  flag  to  zero  to  disable  any 
further  interrupts,  and  control  is  transferred  to  the  instruction  stored  in  location  1  of  main  memory.  The  stack-full  line 
is  also  wired  to  the  jump  condition  multiplexer  to  permit  testing  for  stack-full  interrupts.  If  STFL  causes  such  an 
interrupt,  the  bottom  entry  of  the  hardware  stack  is  lost.  In  anticipation  of  this,  the  user  can  put  a  dummy  word  in  the 
stack  during  his  program  initialization  sequences. 

See  (-1.3  for  an  explanation  of  the  CP1NT  (Control  Panel  Interrupt)  function. 


4.7        SYSTEM  INITIALIZATION  (Sheet  L  figure  4   6) 

During  startup,  the  IMP-16C  is  initialized  so  all  the  sequential  logic  is  conditioned  to  known  logic  states.  There  are  two 
aspects  to  initialization:  startup  of  the  TTL  logic  and  initialization  of  the  CPU  MOS/LSI  devices. 

The  System  Initialization  circuit  shows  the  startup  logic  required  for  the  TTL  clocks.  When  power  comes  on,  the  output 
of  flip-flop  (IN1T*)  is  forced  to  a  logic  "0"  (independent  of  th"  state  of  the  SYSCLR*  input)  by  the  RC  timing  circuit. 
Because  this  signal  goes  to  the  Clear  inputs  of  all  the  other  flip-flops  in  the  clock-generator  circuit,  the  system  starts  up 
m  a  cleared  condition.  The  system  may  also  be  cleared  at  any  other  time  by  grounding  the  SYSCLR*  input. 

When  the  System  Clear  signal  (SYSCLR*)  goes  high,  INIT*  comes  up  after  a  delay  of  a  few  hundred  milliseconds  (time 
constant  RI0C5).  At  this  time,  all  the  system  clocks  are  enabled.  For  systems  that  do  not  have  external  initialization, 
the  SYSCLR*  input  should  be  left  continuously  at  a  logic  "1 ." 

Startup  for  the  MOS  parts  is  achieved  by  controlling  the  application  of  the  -12-volt  supply.  The  CPU  MOS/LSI 
devices  receive  -12  volts  from  the  SVGG  (switched  VGG)  line.  This  voltage  must  be  turned  on  a  few  milliseconds 
before  the  clocks  are  started.  During  turn-off,  the  clocks  are  kept  on  for  a  few  milliseconds  after  SVGG  goes  off.  The 
timing  relationship  between  SVGG  and  the  Power-On  Condition  (POC)  signal  in  the  System  Initialization  circuit  is 
shown  in  figure  4    4. 

Figure  4  5  is  a  recommended  circuit  that  may  be  used  to  effect  system  reinitialization  to  clear  the  CPU  MOS/LSI 
devices  without  shutting  down  other  circuits  on  the  IMP-16  card.  This  circuit  is  not  on  earlier  versions  of  the  IMP-16C 
card  and  would  have  to  be  user-supplied  and  connected  to  the  SVGG  terminal  pin  (sheet  2,  figure  4--6).  All  IMP-16C 
cards  with  the  part  number  551 1962  have  the  initialization  circuit  on  board. 

It  a  special  reinitialization  circuit,  such  as  discussed  jbove,  is  not  supplied,  the  SVGG  pins  on  the  IMP-16C  card-edge 
connector  should  be  connected  to  the  12-volt  supply.  With  this  latter  setup,  reinitialization  is  effected  by  turning  off 
power  to  the  IMP-16C  for  at  least  5  seconds  and  then  turning  it  on  again. 
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Figure  4-4.  System  Startup  Timing 
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Figure  4-5.  Circuit  for  Powering  Up  CPU  MOS/LSI  Devices 
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Chapter  5 
INPUT/OUTPUT  OPERATIONS 


5.1         INPUT/OUTPUT  INSTRUCTIONS 

Input/output  operations  are  carried  out  with  the  RIN  (Register  In)  and  ROUT  (Register  Out)  macroinstructions.  Func- 
tionally, they  are  similar  to  the  LOAD  and  STORE  instructions  in  that  they  address  a  particular  device  and  initiate  data 
exchanges.  The  effective  address  of  an  input/output  device  is  determined  by  the  sum  of  the  contents  of  Accumulator  3 
(AC3)  and  the  7-bit  control  field  of  the  RIN  or  ROUT  instruction.  Timing  for  these  instructions  is  shown  in  figure  5-2. 


15    |            |            |            |            |            |            |            |     7 

6     |           |           |     3 

2     |            |     0 

OPTIONAL   ADDRESS   FIELD 

DEVICE 
ADDRESS 

ORDER 

Control  field  (ctl) 


Figure  5-1.  Input /Output  Word  Format 


Sixteen  bits  are  available  for  address  and  command  codes.  Although  a  number  o\~  schemes  are  possible,  the  one  described 
here  has  proved  useful  for  many  applications.  The  low-order  3  bits  may  be  used  to  define  an  input/output  "order,"  and 
bits  3  to  6  are  the  device  addresses  (figure  5-1).  Each  peripheral  device  decodes  the  address  field  of  the  input/output 
instruction  command,  and  if  the  Read  Peripheral  or  the  Write  Peripheral  flag  is  active,  the  device  will  respond.  The  3 
"order"  bits  permit  eight  possible  auxiliary  operations  for  each  input/output  class;  for  example,  these  orders  may  be 
read  data,  read  status,  reset  device,  rewind  tape,  backspace,  write  data,  and  so  on.  The  assignment  of  the  various  orders 
is  left  to  the  systems  programmer. 

The  4  bits  of  the  device  address  field  permit  direct  addressing  of  1 6  devices;  however,  by  loading  Accumulator  3  (which 
is  added  to  bits  0  to  6  of  the  instruction)  with  a  16-bit  value  before  executing  a  RIN  or  ROUT  instruction,  up  to 
65,536  addresses  may  be  specified. 


5.2 


DATA  TRANSFER  TO  PERIPHERAL  DEVICES 


Peripheral  device  data  may  be  accessed  by  the  Read  Peripheral  and  Write  Peripheral  control  Hags  in  conjunction  with 
the  peripheral  device  address.  Actual  transfer  of  data  is  effected  by  the  RIN  and  ROUT  instructions  during  T7  (input) 
and  T4  (output),  respectively  (figure  2—4).  Peripheral  device  control  may  be  carried  out  by  using  the  order  field  of  the 
instruction  (figure  5-1)  or  by  dedicating  a  general-purpose  control  flag  to  a  peripheral  device  control  function,  which 
can  then  be  controlled  by  use  of  the  SFLG  and  PFLG  instructions.  Similarly,  peripheral  device  status  can  be  sensed  by 
issuing  an  order  to  read  status  over  the  data  bus,  or  by  dedicating  one  of  the  general-purpose  user  jump  conditions  to 
this  function  and  using  the  BOC  instruction.  (The  control  flags  and  jump  condition  inputs  can  actually  be  used  to 
implement  a  very  low-cost  serial-data  interface  without  using  the  data  bus  at  all.) 

The  I  unctions  performed  as  a  result  of  an  input/output  command  vary.  For  example,  a  read  peripheral  order  to  a 
magnetic  disc  typically  initiates  a  block  transfer  of  information.  In  contrast,  a  similar  order  to  a  Teletype  typically 
executes  the  transfer  of  a  single  character. 
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The  use  o\  input/output  instructions  is  best  illustrated  by  an  example.  Consider  the  case  of  reading  in  characters  from  a 
serial  Teletype  unit  and  transmitting  them  back  immediately  (echoing).  The  following  program  segment  will  do  this 
effectively.  The  first  few  comment  lines  define  the  input/output  orders  for  the  Teletype  unit.  It  is  assumed  that  the 
Teletype  is  sending  data  serially  over  the  line  corresponding  to  bit  15. 


Instruction 


Comment 


DEFINE  I/O  ORDERS. 
5  =  RESET 

2  =   READ  DATA 

4  =  ENABLE  TTY  PAPER  TAPE  READER 

3  =  WRITE  DATA 

TTYAD  =  TTY  ADDRESS  IN  BIT  3-6 
CI   =   1   (BRANCH  IF  ACO  =  0) 
START      LI   3,  TTYAD  LOAD  AC3  WITH  ADDRESS  OF  TTY. 

ROUT  5.  RESET  TELETYPE  (ORDER  FIELD  =  5) 

LI   2,  8  SET  COUNT  FOR  8   BITS. 

READ:       ROUT  4;  ENABLE  TTY  READER 

RIN   2;  READ  IN  TTY  DATA 

BOC  C2,    +2;  TEST   FOR  START   BIT;  C2   REFERS  TO  ACO  =  0. 

JUMP  READ;  READ  DATA  AGAIN  (UNTIL  START  BIT  FOUND). 

JSR  DELAY;  START  BIT  FOUND:  DELAY  FOR  PROPER  TIMING 

INPUT       ROUT  3;  SEND  BIT  TO  PRINTER. 

JSR  DELAY;  DELAY  ROUTINE  TO  TIME  OUT   1    BIT 

RIN  2;  READ  TTY  DATA. 

SHR  0,   1;  SHIFT  DATA  ONE  POSITION. 

AISZ  2,  -1;  TEST  TO  SEE   IF  DONE 

JMP  INPUT;  NOT  DONE;  READ  MORE  DATA 


DELAY: 


START  OF   DELAY  SUBROUTINE 


MICRO- 
CYCLES 


RDM 


LDAR 


ADX 


START  OF  INSTRUCTION 
FETCH 


1 


INSTRUCTION  ADDRESS 


RDP  (FOR  RIN) 

or  WRP  (FOR  ROUT) 


START  OF 

NEXT  INSTRUCTION 


PERIPHERAL 
DEVICE  ADDRESS 


(NOT  TO  SCALE) 


FOR  ROUT,  (ACO)  — BDO  AT  T4 
FOR  RIN,  SW  —  (ACO)  AT  T7 


Figure  5-2.   Timing  Sequence  for  RIN  and  ROUT  Instructions 
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Chapter  6 
INTERRUPT  SYSTEM 


The  IMP- 1  bC  system  recognizes  one  level  of  interrupt  in  its  present  configuration.  A  general  interrupt  request  is  initiated 
by  the  Interrupt  Request  Signal  (INTRA)  to  the  Interrupt  Handler  (sheet  1,  figure  4-6).  Also  provided  is  a  control 
panel  interrupt  input  (CPINT).  The  workings  of  both  types  are  described  below. 


6.1         GENERAL  INTERRUPT 

A  peripheral  device  (or  any  external  condition)  may  send  an  interrupt  request  to  the  IMP-16C  over  the  INTRA  line.  If 
the  Interrupt  Enable  Flag  is  set  (that  is,  no  other  interrupt  currently  being  serviced),  then  the  interrupt  request  is  latched 
in  a  flip-flop  and  awaits  service.  During  the  next  instruction  fetch  cycle,  the  processor  resets  the  Interrupt  Enable  Flag 
(INTEN)  and  transfers  control  to  location  1  in  main  memory.  At  the  same  time,  the  PC  value  is  saved  on  the  stack. 

The  instruction  in  location  1  of  main  memory  typically  would  be  the  start  of  an  interrupt  service  routine  or  a  jump  to  a 
service  routine.  In  the  IMP-16C,  the  stack  overflow  condition  causes  an  interrupt  on  the  same  line.  The  interrupt  service 
routine  can  detect  this  type  of  interrupt  by  using  a  Branch-On  Condition  (BOC)  instruction  with  cc  =  8  (stack  full). 
The  interrupt  sequence  is  best  illustrated  by  an  example. 


6.2         EXAMPLE  OF  INTERRUPT  REQUEST  AND  SERVICE 

The  case  considered  here  is  that  of  a  real-time  clock  that  provides  interval  timing  by  sending  timed  interrupts  to  the 
processor.  The  hardware  for  this  feature  would  consist  of  a  presettable  counter  that  raises  a  status  signal  after  it  has 
counted  through  its  sequence.  This  signal  can  be  used  as  an  interrupt  request. 

As  an  example  of  the  use  of  this  timer,  consider  an  application  where  it  is  desired  to  sample  a  waveform  at  regular 
intervals.  The  real-time  clock  can  be  used  to  generate  interrupts  at  these  intervals,  and  a  processing  subroutine  can  read 
the  contents  of  an  analog-to-digital  converter  driven  by  the  waveform  under  test.  The  following  program  segment  shows 
how  this  can  be  done.  The  clock  is  assumed  to  use  bit  0  on  the  data  bus  to  signal  its  status.  This  signal  is  also  wired  to 
the  general  interrupt  request  line.  The  interrupt  status  of  the  clock  is  read  over  bit  0  of  the  data  bus  by  issuing  a  READ 
STATUS  order.  (Note  that  other  devices  could  use  other  bits  of  the  data  bus  to  respond  to  this  order  simultaneously. 
The  data  bits  may  then  be  tested  to  determine  devices  that  are  requesting  interrupt  service.) 

The  first  few  lines  of  the  program  are  comments  that  describe  the  various  order  codes  and  addresses  assigned  to  the 
real-time  clock  and  the  A/D  converter.  The  remaining  lines  of  the  program  segment  perform  operations  according  to  the 
requirements  above;  the  comments  serve  to  annotate  the  program. 
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Label 


Instruction 


Comment 


LOCI:  JMP  INTR: 

MAIN   PROGRAM   FOLLOWS: 

SFLG        1; 


INTERRUPT  SEQUENCE  FOR   REAL-TIME 

CLOCK  AND  WAVEFORM  SAMPLER 

RTC  =  ADDRESS  OF  REAL-TIME  CLOCK 

ADC  =   ADDRESS  OF  A/D  CONVERTER 

2  =  START  CLOCK  (I/O  ORDER) 

I    =   READ  DATA  ORDER 

0  =   READ  INTERRUPT  STATUS  ORDER 

C3  =   3;  CC  FOR  BIT  0  OF  ACO  -    I 

CLOCK  INTERRUPT  STATUS   HAS  BEEN  ASSIGNED  BIT  0  ON   BUS 

THIS  INSTRUCTION  IS  IN  LOCATION   X'0001 

ENABLE  INTERRUPT  SYSTEM 


LI 
ROUT 


3,  RTC; 

2; 


LOAD  AC3  WITH  CLOCK  ADDRESS 
START  TIMER  ON  CLOCK 


SERVICE   ROUTINE  FOLLOWS: 
INTR:  LI  3,  0; 

RIN  0; 

BOC  C3,  CLKINT; 


CLEAR  AC3  BEFORE   EXECUTING  RIN 

READ  DATA   BUS  TO  CHECK  INTERRUPTING  DEVICE. 

BRANCH  TO  CLOCK  SERVICE  IF  BIT  0  =   1. 


CLOCK  SERVICE   ROUTINE   FOLLOWS: 
CLKINT: 


LI 

3,   RTC; 

ROUT 

2; 

LI 

3,  ADC; 

RIN 

1; 

JSR 

SAMPLE; 

RTI 

LOAD  AC3  WITH  CLOCK  ADDRESS 

RESTART  TIMER 

LOAD  ADDRESS  OF  A/D  CONVERTER 

READ  ADC  DATA. 

GO  TO  DATA  SAMPLE  PROCESSING  SUBROUTINE. 

RETURN   FROM  INTERRUPT. 


CONTINUE  PROCESSING  OF  OTHER  INTERRUPTS. 


SAMPLE: 


START  OF   ROUTINE  TO  PROCESS  DATA  FROM  A/D  CONVERTER. 


6.3        CONTROL  PANEL  INTERRUPT 

The  IMP-16C  microprogram  allows  a  high-priority  interrupt  to  be  indicated  on  the  CPINT  line.  Since  this  interrupt  is 
useful  for  implementing  a  "program-controlled"  control  panel,  it  is  called  the  Control  Panel  Interrupt;  it  may,  of 
course,  be  used  for  other  purposes.  If  CPINT  is  active,  the  processor  pulses  flag  CPINP,  reads  the  data  bus  at  T7  of 
the  same  microcycle,  and  responds  as  if  the  data  were  an  instruction.  The  CPINT  input,  therefore,  can  be  used  to  force 
a  jump  to  some  reserved  location  by  "jamming"  an  instruction  on  the  data  lines.  This  may  be  used  to  cause  a  branch  to 
a  control  panel  service  routine  or  to  provide  vectored  interrupts.  By  forcing  the  bus  to  send  in  all  zeros,  the  CPINT 
feature  may  be  used  to  incorporate  a  single-step  feature,  by  causing  the  CPU  to  halt  after  the  execution  of  one 
instruction. 
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6.4 


MULTILEVEL  INTERRUPTS 


It  is  possible  to  use  the  IMP-16C  for  multilevel  interrupt  service  by  use  of  the  RALU  general-purpose  status  flags.  Two 
of  these  (FLAGO  and  FLAG12)  are  available  at  the  card-edge  connectors  for  this  purpose  (or  other  applications  where 
it  is  desirable  to  save  status).  These  flags  may  be  used  as  interrupt  enable  flags  for  two  individual  levels;  they  can  be 
modified  through  use  of  the  PUSHF,  PULLF,  PULL,  and  PUSH  instructions.  A  typical  arrangement  that  makes  use 
of  the  available  INTRA  input  is  shown  in  figure  6—1.  (The  general-purpose  control  flags  could  also  be  used  for  this 
purpose,  but  their  state  cannot  readily  be  preserved  on  the  stack  as  can  the  status  flags.) 


EXTERNAL  LOGIC 


IMP-16C 


FLAG  0 


EF 


TO  INT  FLIP-FLOP 


INTEN 


FLAG   12 


NS00139 


Figure  6-1.   Use  of  INTRA  Inpu t 


The  processor  responds  to  inputs  on  the  interrupt  request  lines  that  are  labeled  INTREQ1  and  INTREQ2  in  figure  6-  1 . 
Several  devices  may  be  "wire-ORed"  to  each  of  these  interrupt  request  lines.  If  any  device  generates  an  interrupt 
request,  the  line  will  go  high  and  interrupt  the  processor  if  that  level  of  interrupt  is  enabled.  There  is  a  separate  interrupt 
enable  flag  for  each  of  the  two  interrupt  levels  (labeled  INTEN1  and  INTEN2)  and  a  master  interrupt  enable  (labeled 
INTEN)  for  all  levels  plus  the  stack  overflow  interrupt.  The  interrupt  enable  flags  for  each  individual  level  are  part  of 
the  CPU  status  flags,  and,  as  mentioned  above,  they  can  be  modified  by  use  of  the  PUSHF,  PULLF,  PULL,  and  PUSH 
instructions.  The  INTEN  flag  is  one  of  the  IMP-16C  control  flags.  It  is  modified  by  use  of  the  Set  Flag(SFLG)  and  the 
Pulse  Flag  (PFLG)  instructions. 

The  availability  of  several  different  interrupt  levels  provides  a  convenient  means  of  controlling  interrupts  for  devices  of 
different  priority  in  a  system  with  a  number  of  peripherals.  When  only  one  interrupt  request  line  is  used,  the  interrupt 
service  program  must  issue  an  order  to  each  device  of  lower  priority  than  the  one  being  serviced  to  reset  the  lower 
priority  interrupt  enable  flags  on  the  peripheral  controllers.  This  could  be  very  time  consuming  in  a  system  with  many 
peripherals.  In  a  system  with  several  interrupt  levels,  all  devices  of  like  priority  are  tied  to  the  same  interrupt  request 
line.  For  all  devices  on  an  individual  level  that  have  a  common  interrupt  enable  flag  at  the  processor,  the  interrupt 
enable  flag  can  disable  all  devices  on  that  level  simultaneously.  When  an  interrupt  occurs,  lower  priority  levels  are 
therefore  disabled  in  a  minimum  amount  of  time. 

The  interrupt  handling  process  is  summarized  by  the  following.  When  the  processor  responds  to  an  interrupt  request, 
it  performs  the  following  tasks  in  order  to  transfer  program  control  to  the  interrupt  service  routine: 

•  Checks  the  type  of  interrupt;  if  caused  by  CPINT,  jumps  to  CPINT  service  routine. 

•  Transfers  the  contents  of  the  Program  Counter  (PC)  to  trie  top  of  the  stack. 

•  Places  the  address  of  memory  location  1  into  the  PC. 


81 


•  Disables  (clears)  the  processor's  Interrupt  Enable  (INTEN)  flag  to  prevent  further  interrupt. 

•  Fetches  and  executes  the  next  instruction  from  memory  location  1,  thus  initiating  the  interrupt 
service  routine. 

The  CPINT  service  routine  does  the  following: 

•  Pulses  the  CPINP  flag,  thereby  indicating  that  a  control  panel  interrupt  is  active. 

•  Reads  the  data  bus  and  treats  the  incoming  data  as  an  instruction  to  be  executed. 
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Chapter  7 
CONTROL  PANEL  AND  4K-BY-16  MEMORY 


The  IMP-16C  is  self-contained  for  controller  applications.  However,  for  some  general-purpose  applications,  a  control 
panel  may  be  needed  or  convenient  to  have  for  debugging,  verifying  operation,  troubleshooting,  and  other  operator- 
controlled  uses.  Also,  additional  memory  capacity  may  be  required,  and  this  is  available  in  the  National  Semiconductor 
4K-by-l6  random  access  memory  modules. 


7.1 


CONTROL  PANEL  OPERATION 


The  simplest  control  panel  for  use  with  the  IMP-16C  is  one  that  is  serviced  by  software  and  has  a  minimum  of  extra 
components.  Such  a  panel  would  consist  of  a  set  of  16  data  switches,  16  indicator  lights,  and  a  few  active  function 
switches.  These  are  represented  schematically  in  figure  7-1 .  The  Light-Emitting  Diode  (LED)  devices  are  driven  by  a  set 
of  DM7475  latches  that  are  strobed  by  a  WRITE  PERIPHERAL  flag  pulse;  in  this  mode,  the  lights  are  considered  to 
be  an  output  device. 

The  spare  jump  condition  multiplexer  inputs  on  the  IMP-16C  may  be  tied  to  active  switches  on  the  control  panel.  These 
switches  may  be  used  for  controlling  operations  such  as  Load  Address,  Load  Data,  Execute,  Display  Data,  and  others. 

A  software  service  routine  that  resides  in  main  memory  can  scan  these  switches  using  the  Branch-On  Condition  (BOC) 
instruction.  If  any  switch  is  active,  an  appropriate  service  action  may  be  initiated.  The  following  program  segment  is  an 
example  of  such  a  routine.  It  assumes  that  jump  conditions  12,  13,  and  7  are  wired  to  switches  that  cause  Load 
Address,  Load  Data,  and  Execute  operations  to  occur.  This  simple  example  assumes  that  there  is  no  peripheral  address 
decoding;  all  input/output  operations  are  activated  by  READ  PERIPHERAL  and  WRITE  PERIPHERAL  control 
flags  as  commanded  by  RIN  and  ROUT  instructions. 


C12  =  12 
C13  =  13 
C7     =  7 
=XFFFE 

JMP  BEGIN 


LOAD  ADDRESS  CONDITION. 
LOAD  DATA  CONDITION. 
EXECUTE 

ASSEMBLER  DIRECTIVE  TO  PLACE  NEXT  INSTRUCTION 
AT  LOCATION  XTFFE. 
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BEGIN: 

BOC 

C12,  LA 

BOC 

CI  3,  LD 

BOC 

C7,  EX 

JMP 

BEGIN 

LA: 

BOC 
RIN 

C12,  LA 

RCPY 

0,  2 

OUT: 

ROUT 

JMP 

BEGIN 

LD: 

BOC 
RIN 

C13,  LD 

ST 

0,  (2) 

ROUT 

AISZ 

2,  1 

JMP 

BEGIN 

HALT 

EX: 

BOC 

C7,  EX 

RIN 

RCPY 

0,  2 

JMP 

(2) 

WAIT  LOOP  TO 
SCAN  PANEL 
FUNCTION  SWITCHES. 

SWITCH  "DEBOUNCER". 
READ  SWITCHES. 
SAVE  ADDRESS  IN  AC2. 
DISPLAY  ADDRESS. 
RETURN  TO  WAIT  LOOP. 

READ  SWITCHES. 

STORE  DATA  IN  ADDRESSED  LOCATION. 

DISPLAY  DATA. 

INCREMENT  ADDRESS 

RETURN  TO  WAIT  LOOP 

END  OF  ADDRESS  RANGE. 

READ  SWITCHES 

JUMP  TO  STARTING  ADDRESS. 


The  program  above  is  an  example  of  how  the  jump  condition  inputs  can  be  used  to  scan  external  conditions  and/or 
requests. 


7.2 


DYNAMIC  MEMORY  INTERFACE 


A  circuit  has  been  provided  on  the  1MP-16C  card  to  enable  interfacing  with  the  National  Semiconductor  4K-by-16 
dynamic  memory  modules.  This  circuit  consists  of  logic  that  can  receive  memory  refresh  request  and  send  out  appro- 
priate refresh  orders  and  read/write  cycle  initiate  signals.  The  refresh  logic  appears  on  the  IMP-16C  schematic  diagram 
(figure  4—6)  but  is  repeated  in  simplified  form  in  figure  7-2. 


FROM  CLOCK  HOLD 
CIRCUIT 


RDM 


WRM 
RFREQ 


7432 


t 


HLD  1 


74H08  j Qci 

'  W4 


74H04 


\ 


74H08 


C45 


TO 
>    ADD-ON 
MEMORY 


74H08  J [JRFSH 

'  W5 
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Figure  7-2.  Refresh  Logic  for  Dynamic  Memory 
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The  4K-by-16  memory  requires  a  refresh  cycle  of  1  us  duration  every  60  /js.  The  IMP-16C  makes  a  memory  reference 
during  every  fetch  operation  and  a  few  other  times  in-between,  depending  on  the  instruction  being  executed.  If  the 
processor  is  busy  during  a  read  or  write  operation,  the  memory  waits  for  a  refresh  cycle  until  the  processor  is  free.  The 
refresh  request  signal  (RFREQ)  is  gated  into  the  circuitry  at  T4.  If,  at  this  time,  a  memory  read/write  is  not  requested, 
an  RFSH  signal  is  sent  to  the  memory;  otherwise,  a  Memory  Cycle  Initiate  (CI)  signal  is  sent  to  memory.  Timing  for 
memory  read  and  write  operations  is  given  in  figure  7—3. 

The  memory  option  is  provided  in  the  form  of  a  jumper-connectable  circuit.  If  used,  jumper  pads  VV4  and  W5  may  be 
connected  to  any  two  of  the  unused  pins  on  the  edge  connector  of  the  1MP-16C. 

If  add-on  memory  is  attached  to  the  IMP-16C,  the  user  must  be  aware  that  the  added  capacitive  loading  will  slow  down 
the  memory  access  time.  Typically,  if  more  than  8K  of  additional  memory  is  used,  the  clock  periods  must  be  stretched 
to  provide  extra  time.  This  may  be  done  using  the  external  hold  input  which  is  described  in  chapter  9. 
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DATA  FROM 
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(a)  READ  CYCLE  TIMING 


LDAR 
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ADX 


DATA  TO 
MEMORY 


CI 


T1  |  T2  |  T3  |  T4  |  T5  |  T6  |  T7  |  T8  |  T1  |  T2  |  T3  |  T4  |T4+1|T4  +  2|  T5  |  T6  |  T7  | 
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(b)  WRITE  CYCLE  TIMING 


Figure  7-3.  Memory  Timing  Waveforms 
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Chapter  8 
SYSTEM  VERIFICATION 


8.1         INTRODUCTION 

The  IMP-16C  is  a  large-scale  integrated  (LSI)  processor  consisting  of  several  components  from  different  logic  families 
and  types.  As  such,  the  proper  functioning  of  the  1MP-16C  is  dependent  on  the  interfacing  and  timing  between  the 
various  components.  In  order  to  facilitate  hardware  debugging,  a  brief  system  verification  procedure  is  described  in  this 
chapter  to  aid  users  in  the  understanding  of  the  system. 

For  system  verification,  the  IMP-16C  may  be  divided  into  four  distinct  partitions: 

•  Timing  and  Clocks 

•  MOS  CPU  Logic 

•  Control  Flags  and  Logic 

•  Data  Buses 


8.2         TIMING  AND  CLOCKS 

When  the  system  is  started  with  the  initialization  sequence  described  in  chapter  4,  the  system  initialize  signal  (INIT*) 
enables  all  the  timing  signals.  The  clocks  start  with  phase  1  and  generate  all  the  other  auxiliary  timing  signals.  Figure 
8-  1  shows  all  the  clock  signals  and  their  timing  relationships.  After  it  has  been  verified  that  the  MOS  clocks  are  being 
generated  properly,  the  MOS  CPU  logic  can  be  checked  out. 


8.3        MOS  CPU  LOGIC 

If  the  system  is  functioning  properly,  the  CPU  executes  instructions  stored  in  external  memory  or  executes  an  instruc- 
tions) from  a  switch  register.  In  either  case,  if  instructions  are  being  executed,  the  CROM  cycles  through  repeated 
FETCH  operations.  By  monitoring  the  CROM  ENCTL  line  (see  sheet  2,  figure  4-6),  this  fact  can  be  verified.  The 
ENCTL  line  is  high  between  T2  and  T7  of  every  cycle  immediately  preceding  a  fetch  (except  for  multiple  shift/rotate 
operations).  If  the  number  of  microcycles  between  successive  ENCTL  pulses  is  counted  for  each  instruction  and  checked 
against  table  A-l  in  appendix  A,  then  it  can  be  assumed  that  at  least  most  of  the  CROM  circuits  are  functioning  (see 
figure  8-2). 

II  the  system  is  being  used  with  some  form  of  control  panel  (as,  for  example,  the  one  described  in  chapter  7),  then  the 
RALU  can  be  checked  out  by  outputting  register  values  to  a  set  of  display  lights. 


8.4        CONTROL  FLAGS  AND  LOGIC 

Another  convenient  test  point  for  system  verification  is  the  Read  Memory  (RDM)  flag.  This  flag  is  pulsed  between  T2 
and  T6  during  every  fetch  operation.  If  operation  of  the  CROM  has  been  verified,  then  this  flag  should  come  up 
properly  (figure  8  -2). 
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Figure  8-1.   1MP16C  Clocks 
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8.5        DATA  BUSES 

The  data  buses  can  be  checked  out  by  the  following: 


• 


Reading  in  some  switch  values  and  seeing  if  they  appear  on  the  bus  data  output  lines. 

Checking  the  address  register  to  see  if  the  data  bus  value  is  being  latched  during  T4  when  the  RDM 
flag  is  up. 


8.6        DIAGNOSTIC  PROGRAMS 

The  IMP-16C  card  may  be  checked  out  functionally  with  the  use  of  special  diagnostic  programs  stored  in  four  electrically 
programmable  ROMs  (or  PROMs).  They  may  be  used  for  system  verification  by  inserting  them  in  the  read-only  memory 
sockets  in  the  card  and  observing  the  various  status  indications  provided  by  the  program.  The  diagnostic  routines  are 
designed  to  exercise  all  parts  of  the  CPU  for  proper  operation.  These  programs  are  available  as  an  option(IMP-16F/501). 


8.7        OPERATING  PROCEDURES 

For  the  proper  functioning  of  the  1MP-16C  in  a  system  environment,  the  following  points  should  be  observed  carefully. 

(1)  If  any  of  the  following  signal  lines  to  the  IMP-16C  is  not  used,  it  should  be  tied  to  a  logic 
"0"  (ground)  level: 

(a)  Any  unused  jump  conditions  (JC 12  through  JC15;  EXEC) 

(b)  General  interrupt  line  (INTRA) 

(c)  Control  Panel  interrupt  line  (CPINT) 

(2)  If  the  output  disable  feature  of  the  address  bus  is  not  used,  the  ODIS  line  should  be  tied  to  a 
logic  "0"  (ground)  level. 

(3)  An  interrupt  control  input  (INTCTL)  is  provided  for  externally  enabling  the  interrupt  system. 
For  normal  operation,  this  line  should  be  tied  to  the  interrupt  enable  (INTEN)  provided  by  the 
CPU.  If  the  system  environment  is  such  that  the  interrupt  system  is  not  used  at  all,  the  INTCTL 
input  should  be  tied  to  a  logic  "0." 

(4)  If  slow  memories  are  used  (access  times  in  excess  of  850  ns),  additional  clock  stretching  must  be 
provided  by  the  user  (see  chapter  9). 

(5)  On  the  IMP-16C/200  and  300  cards,  the  circuit  that  supplies  the  switched  -  12  volts  (SVGG)  is 
part  of  the  card  itself;  therefore,  no  external  -12-volt  SVGG  should  be  connected  to  pins  1 1 
and  12  of  the  card. 
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Chapter  9 
USER     OPTIONS 


Several  user-defined  options  are  available  on  the  basic  IMP-16C  card.  These  options  pertain  to  system  timing,  bus 
selection,  and  memory  management;  these  are  implemented  by  removable  jumper  connections  on  the  1MP-16C/200  and 
IMP-16C/300  cards. 


9.1         EXTERNAL  CLOCK  HOLD 

An  external  input  (EXHOLD)  is  provided  so  the  user  may  supply  his  own  clock  hold  signal.  If  this  input  is  used,  jumper 
W6  should  be  removed.  When  using  this  feature,  care  must  be  taken  to  synchronize  the  external  signal  with  the  timing 
of  the  processor.  This  is  done  by  making  sure  that  the  generated  hold  signal  comes  up  in  the  middle  of  the  time  slot 
preceding  the  phase  being  stretched.  Similarly,  at  the  end  of  the  hold  period,  the  signal  must  be  released  at  least  50  ns 
before  the  start  of  the  next  time  slot.  See  figure  8—1  for  this  type  of  timing  relationship. 


9.2         INPUT  BUS  SELECTION 

The  input  bus  structure  of  the  IMP-16C  is  arranged  such  that  memory  data  and  peripheral  data  are  multiplexed  under 
control  of  the  delayed  read-memory  flag  (RDM— Ql).  It  is  possible  to  change  this  multiplexing  operation  by  disabling 
the  RDM-Q1  signal  (removing  jumper  VV7)  and  supplying  an  externally  generated  signal  on  the  DSLCT  input.  The  user 
may  wish  to  do  this  in  case  his  system  requirements  call  for  a  common  input  bus  for  peripheral  devices  and  any  add-on 
memory. 


9.3        ADDRESS-BUS  DISABLE 

The  address  bus  on  the  IMP- 1 6C  ( ADX00  through  ADX 15)  may  be  placed  in  a  TRI-STATE  mode  by  taking  the  ODIS 
input  to  a  logic  "1"  level.  This  feature  allows  the  forcing  of  external  addresses  on  the  bus  without  CPU  intervention. 
During  normal  operation,  the  ODIS  line  is  at  a  logic  "0"  level. 


9.4         MEMORY  MANAGEMENT 

As  mentioned  in  chapter  4  (section  4.5),  the  on-board  memory  is  controlled  by  address  bit  15.  If  it  is  desired  to  change 
tli is  method  of  decoding  or  to  add  on  additional  memory,  the  user  may  remove  jumpers  Wl.  W2,  and  W3  and  supply 
externally  generated  decoding  via  input  lines  CSO,  CS1,  and  CS2.  To  illustrate  this,  two  examples  are  given  below. 

Example  1:  If  it  is  desired  to  add  on  more  read-write  memory  to  make  a  total  of  4K  words  in  the 
address  space  0-4K,  then  remove  jumper  Wl  and  provide  a  signal  at  CSO  that  is  a  logic  "0"  when 
(and  only  when)  ADX08-ADX15  are  all  logic  "0."  This  will  enable  the  first  256-word  block  of 
memory  that  is  on  the  IMP-16C  card. 

Example  2:  If,  for  example.  36K  of  memory  were  required,  then  remove  Wl ,  W2,  and  W3.  CSO  would 
be  generated  exactly  as  in  example  1.  CS1  would  have  to  be  a  logic  "0"  when  ADX09  ADX  1 5  arc  all 
logic  "1"  with  ADX08  a  logic  "0,"  and  CS2  would  have  to  be  a  logic  "0"  when  ADX08  ADX  I  5  arc 
all  logic  "1 ." 
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9.5         MEMORY  ACCESS  TIME 

The  addition  of  extra  memory  to  the  IMP-16C  will  increase  the  capacitive  loading  on  the  system,  so  appropriate 
allowances  must  be  made  for  access  time  degradation.  The  clock -hold  circuit  on  the  1MP-16C  is  designed  to  permit 
access  times  up  to  850  ns.  For  longer  access  times,  the  external  clock-hold  option  should  be  used  (see  9.1). 
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Appendix  A 
SUMMARY  OF  INSTRUCTIONS 


Table  A -I.  IMP-16C  Basic  Instruction  Set  ( Executed  by  CROM  I) 
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LD 

5 

~> 

- 

Loud  Indirect ' 

LD 

5 

3 

- 

Store 

ST 

6 

1 

1 

Store  Indirect1 

ST 

8 

2 

1 

Add 

ADD 

5 

2 

-■ 

Subtract 

SUB 

5 

2 

Jump 

JMP 

3 

1 

- 

Jump  Indirect1 

JMP 

5 

2 

- 

Jump  to  Subroutine 

JSR 

4 

1 

Jump  to  Subroutine  Indirect1 

JSR 

6 

-i 

Increment  and  Skip  if  Zero 

ISZ 

7,8  if  SKIP 

i 

1 

Decrement  and  Skip  if  Zero 

DSZ 

8,9  if  SKIP 

■> 

1 

Skip  if  AND  is  Zero 

SKAZ 

6,7  if  SKIP 

2 

- 

Skip  if  Greater 

SKG 

Like  Signs:      8,9  if  SKIP 
Unlike  Signs:  9,10  if  SKIP 

2 

Skip  if  Not  Equal 

SKNE 

6 

-> 

And 

AND 

5 

^ 

Or 

OR 

5 

i 

Register  Reference  Instructions 

Push  on  to  Stack  Register 

PUSH 

3 

- 

Pull  from  Stack 

PULL 

3 

Add  Immediate.  Skip  if  Zero 

AISZ 

4,5  if  SKIP 

Load  Immediate 

LI 

3 

Complement  and  Add  Immediate 

CAI 

3 

Register  Copy 

RCPY 

6 

Exchange  Register  and  Top  of  Stack 

XCHRS 

5 

Exchange  Registers 

RXCH 

8 

Register  And 

RAND 

6 

Register  Exclusive  Or 

RXOR 

6 

Register  Add 

RADD 

3 

Shift  Left 

SHL 

4  +  3K 

Shift  Right 

SHR 

4  +  3K 

Rotate  Left 

ROL 

4  +  3K 

Rotate  Right 

ROR 

4  +  3K 

1  -  The  symbol  <a   must  precede  the  designation  ot  the  memory   location  whose  contents  become  the  cllective  .iddrcss  h> 
indirection 
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Table  A    I.  IMP-J6C  Basic  Instruction  Set  (Continued) 


Memory 

Memory 

Instruction 

Mnemonic 

Execution  Cycles 

Read 
Cycles 

Write 
Cycles 

Input/Output,  Flag,  and  Halt  Instructions 

Set  Flag 

SFLG 

4 

— 

Pulse  Flag 

PFLG 

4 

- 

Push  Flags  on  Stack 

PUSHF 

4 

Pull  Flags  from  Stack 

PULLF 

5 

- 

Register  In 

RIN 

7 

- 

Register  Out 

ROUT 

7 

- 

Halt 

HALT 

- 

- 

- 

Transfer  of  Control  Instructions 

Branch-On  Condition 

BOC 

4.5  if  branch 

1 

- 

Return  from  Subroutine 

RTS 

4 

1 

- 

Return  from  Interrupt 

RTI 

5 

1 

- 

Jump  to  Subroutine  Implied 

JSRI 

4 

1 

— 

Execution  Time  =  (E  +  0.25R  +  0.25W)  T 

where 

F  =  number  of  execution  cycles 

R  =  number  of  memory  read  cycles 

W  =  number  of  memory  write  cycles 

T  =  time  for  one  microcycle 

The  0.25  factor  for  the  read  and  write  cycles  is  included  because  the  main  clocks  are  stopped  for  two  periods  during 
read  and  write  operations  with  memory.  If  the  clock-stop  feature  is  not  used,  then  there  is  no  overhead  for  the  read,' 
write  operations;  hence  0.25  may  be  replaced  by  0.  For  the  shift  and  rotate  instructions,  K.  refers  to  the  number  of 
positions  shifted  or  rotated. 

As  an  example  of  the  use  of  the  formula,  let  T  —  1 .4  microseconds;  then,  a  load-instruction  execution  would  take 

(5  +  0.50)   1.4  =  7.7  microseconds 

A  store-instruction  execution  would  take 

(6  +  0.25   +  0.25)   1.4  =  9.09  microseconds 
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Table  A- 2.  IMP-I6C  Extended  Instruction  Set  (Executed  by  CROM  II) 


Instruction 

Mnemonic 

Execution  Cycles 

Memory 
Read 
Cycles 

Memory 
Write 
Cycles 

Multiply 

MPY 

106  to  122 

3 

- 

Divide 

DIV 

125  to  159 

3 

- 

Double  Precision  Add 

DADD 

12 

4 

- 

Double  Precision  Subtract 

DSUB 

12 

4 

- 

Load  Byte 

LDB 

20  (left) 
12  (right) 

4 

- 

Store  Byte 

STB 

24  (left) 
17  (right) 

4 

1 

Set  Status  Flag 

SETST 

17  to  36 

- 

Clear  Status  Flag 

CLRST 

17  to  36 

- 

Skip  If  Status  Flag  True 

SKSTF 

19  to  39 

- 

Set  Bit 

SETBIT 

1 5  to  34 

- 

Clear  Bit 

CLRBIT 

15  to  34 

- 

Complement  Bit 

CMPBIT 

15  to  34 

- 

Skip  If  Bit  True 

SKBIT 

19  to  39 

- 

Interrupt  Scan 

ISC  AN 

9  to  80 

- 

Jump  Indirect  to  Level  Zero  Interrupt 

JINT 

7 

2 

- 

Jump  Through  Pointer 

JMPP 

7 

3 

- 

Jump  to  Subroutine  Through  Pointer 

JSRP 

8 

3 

- 
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Appendix  B 
FORMAT  OF  INSTRUCTIONS 


A  summary  of  the  instruction  types  and  their  assembler  language  formats  is  given  below  for  reference.  A  more-detailed 
breakdown  of  the  instruction  codes  is  shown  in  the  next  table;  it  is  suitable  for  hand-coding  small  programs. 


Instruction  Type 

Register  to  Register 

Register  to  Memory 
Memory  Reference  (Class  1) 
Memory  Reference  (Class  2) 
I/O  and  Miscellaneous 
Branch 
Control  Flags 


Memory  Reference 
(Double  Word) 


Machine  Format 


I  I  I 

I 

I 

I 

I  I 

I 

OP 

sr 

dr 

OP 

NOT  USED 

OP 

I  I  I  I  I 

I 

I     I     I     I     I      I      I 

OP 

r 

disp 

I  I  I 

I 

I 

I     I      I     I      I      I      I 

OP 

r 

xr 

disp 

I  I  I  I  I 

| 

I     I      I     I      I      I      I 

OP 

xr 

disp 

I  I  I  I  I  I  I  I 

I      I      I      I      I      I 

OP 

ctl 

I  I  I 

I      I      I 

I     I      I     I     I      I      I 

OP 

cc 

disp 

I  I  I  I 

I      I 

I     I     I     I      I     I 

OP1 

fc 

CM 

0. 

o 

ctl 

I  I  I   I  I 

| 

I  I 

I  I  I  I 

OP 

xr 

OP 

NOT  USED 

I  I  I  I  I  I  I  I   I  I  I  I  I  I  I 

disp 

Explanation  of  Symbols 

Op   -  Instruction  Mnemonic 

OP  -  Operation  Code 

sr     -  Source  Register  Value 

dr     -  Destination  Register  Value 

xr     -  Index  Register  Value  (2  or  3) 


Assembler 
Language  Format 


Op  sr,  dr 


Op  ctl 


Op  cc,  disp 


Op  fc,  ctl 


Op  (xr) 


disp 


disp  —  Displacement  Value 

cc  -  Condition  Code  Value 

r  -  Register  Value 

ctl  -  Control  Bits  Value 


Remarks 


Op 

r,  disp 

Op 

r,  disp(xr) 

Direct 

Op 

r,  @disp(xr) 

Indirect 

Op 

disp(xr) 

Direct 

Op 

@disp(xr) 

Indirect 
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Table  B    1.   Basic  Instruction  Set  with  Bit  Patterns 


Mnemonic 

Base 

LD 

8000 

LD   Indirect 

9000 

ST 

A000 

ST   Indirect 

BOOO 
COOO 

r 

REGISTER 

ADD 

0000 

0 

SUB 

DOOO 

0400 

1 

SKG 

EOOO 

0800 

2 

SKNE 

FOOO 

OCOO 

3 

AND 

6000 
6800 

r 

REGISTER 

OR 

0000 

0 

SKAZ 

7000 

0400 

1 

ISZ 

7800 

JMP   Indirect 

2400 

DSZ 

7  COO 

JSR 

2800 

JMP 

2000 

JSR    Indirect 

2C00 

Word  Format 


I    =   BASE  V  r  V  xr  V  disp 


ADDRESSING 

xr 

TECHNIQUE 

0000 

BASE    PAGE 

0100 

PC   RELATIVE 

0200 

INDEXED  -  AC2 

0300 

INDEXED  -  AC3 

BOC 


1000 


Word  Format 


I   =   BASE  V  cc  V  disp 


Branch  on 

INTRPT=1 

(when 

enabled) 

ACO  =  0 

ACO  >  0 

ACO 
ODD 

ACO 
Bit  1=1 

ACO^O 

CPINT 
=  1 

START 
=  1 

CC 

0000 

0100 

0200 

0300 

0400 

0500 

0600 

0700 

Branch  on 

STFL=1 

INTEN  =  1 

CY0V=1 

ACO^O 

USER 

USER 

USER 

USER 

CC 

0800 

0900 

OAOO 

OBOO 

OCOO 

ODOO 

OEOO 

OFOO 

Word  Format 


AISZ 

4800 

LI 

4C00 

CAI 

5000 

PUSH 

4000 

PULL 

4400 

XCHRS 

5400 

ROR/ROL 

5800 

SHR/SHL 

5C00 

LEFT   DISP   POSITIVE 
RIGHT   DISP   NEGATIVE 


I    =   BASE  V  r  V  disp 


r 

REGISTER 

0000 

0 

0100 

1 

0200 

2 

0300 

3 

RADD 

3000 

RXCH 

3080 

RCPY 

3081 

RXOR 

3082 

RAND 

3083 

Word  Format 

I    =   BASE  V  sr  V  dr 

sr 

dr 

REGISTER 

0000 

0000 

0 

0400 

0100 

1 

0800 

0200 

2 

OCOO 

0300 

3 
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Table  B    I.   Basic  Instruction  Set  with  Bit  Patterns  (Continued) 


Mnemonic 

Base 

fc 

SFLG 

0800 

FLAG 

PFLG 

0880 

0000 

8 

0100 

9 

0200 

10 

0300 

11 

0400 

12 

0500 

13 

0600 

14 

0700 

15 

Word  Format 


I   =   BASE  V  fc  V  ctl 


HALT 

0000 

RTI 

PUSHF 

0080 

RTS 

PULLF 

0280 

JSRI 

Word  Format 


I   =   BASE  V  ctl 


0100  RIN  0400 

0200  ROUT  0600 

0380      (Address  range  =  FF80  to  FFFF) 


The  instruction  is  formed  by  the  inclusive  Or  of  each  field.  For  example,  the  instruction  RADD  2,3  is  coded  as  X'3B00 
For  instructions  that  use  the  CTL  field,  only  the  first  7  bits  (bits  0  through  6)  are  considered. 

Examples  of  coding  follow: 


Example  1 

RADD   2,3 

BASE   =   3000 

sr  =  0800 

dr  =  0300 

INSTRUCTION   =  3B00 


Comments 

Add  AC2  to  AC3. 


Example  2 

JMP-1    (3) 

BASE   =  2000 

xr   =  0300 

disp   =  00FF 

INSTRUCTION   =  23FF 


Comments 

Jump  to  the  location  specified  by  the  index  register 
AC3  modified  by  the  displacement  -1. 


Example  3 

SHR  0,1 

BASE   =   5C00 

r   =  0000 

disp   =  00FF 

INSTRUCTION   =   5CFF 


Comments 

Shift  the  contents  of  ACQ  one  place  to  the  right. 
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Table  B-2.  Extended  Instruction  Set  with  Bit  Patterns 


Mnemonic 

Base 

MPY 

0480 

DIV 

0490 

DADD 

04A0 

DSUB 

04B0 

Word  Format 


ADDRESSING 

xr 

TECHNIQUE 

0000 

Direct 

0100 

PC  Relative 

0200 

Indexed  -  AC2 

0300 

Indexed  -  AC3 

I  (Word  1)   =    BASE  V   xr 
I  (Word  2)   =  disp 


LDB 
STB 


04C0 
04D0 


Word  Format 


I  (Word  1)   =   BASE   V  Xr 
I  (Word  2)  =  2.  disp  V   Byte 
Byte  =   0  for  right,  1  for  left. 


I  SCAN 


0510 


Word  Format 


SETST 

0700 

CLRST 

0710 

SETBIT 

0720 

CLRBIT 

0730 

SKSTF 

0740 

SKBIT 

0750 

CMPBIT 

0760 

I    =   BASE  V    Bit 


Word  Format 


BASADR 


JSRP 

0300 

JMPP 

0500 

JINT 

0520 

(0100) 
(0100) 
0120 


MAXADR 


007  F 
000F 
000F 


I    =   BASE   V   Incr 

Incr  =   ADDR   -   BASADR 

BASADR   <  ADDR   <   BASADR    +   MAXADR 


Example  1 


LDB   X'AOA 

BASE 

=  04C0 

xr 

=  0000 

INSTRUCTION 

=   04C0  (Word  1) 

disp 

=   X'OAOA 

Byte 

=   0  (Right) 

INSTRUCTION 

=    1413  (Word  2) 

Comments 

Load    ACO    with    the   right    byte   of    location 
X'OAOA;  direct  addressing. 
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Example  2 


Comments 


JMPP  2 

BASE   =  0500 

BASADR  =  (0100)  Implied 

I  NCR   =  0002 

INSTRUCTION  =  0502 


Jump    through    pointer    located    at    location 
X'0102. 
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Appendix  C 
MEMORY  ARRANGEMENT 


The  arrangement  of  memory  in  this  system  is  shown  in  figure  C- 1 .  The  entire  base  page  consists  of  read/write  memory; 
that  is,  locations  (0000)i6  to  (00FF)i6.  The  top  sector  of  memory  (FE00)i6  to  (FFFF)k,  is  implemented  with  read-only 
memory.  The  read-only  memory  on  the  board  is  enabled  whenever  bit  15-  of  the  address  is  1. 


0000 


00FF 
0100 


BASE  PAGE 


ADD-ON 


RWM 


FE00 


FFFF 


TOP  PAGE 
CONTROL  PROGRAMS 


ROM  (OR  PROM) 


NS001' 


Figure  C- 1 .  Memory  Layou t 


The  memory  arrangement  shown  above  may  be  moved  around  to  suit  the  convenience  of  the  user.  Jumper  connections 
are  provided  on  the  IMP-16C  card  (Wl,  W2,  and  W3)  to  disable  the  on-board  address  decode  logic.  By  removing  these 
and  using  the  external  chip  select  inputs  (CS0,  CS1,  and  CS2),  the  user  may  generate  his  own  decode  signals  to  move 
the  memory  pages  wherever  desired. 
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Appendix  D 
IMP-16C  NOMENCLATURE 

Table  D-J.  Nomenclature  Used  in  Circuit  Schematics  and  Text 


Signal  Name 

Description 

ADEN 

Address  Enable  Signal 

ADX  (0),  (l),  ...,  (15) 

Address  Lines  to  Memory 

ALU 

Arithmetic/Logic  Unit 

BDO  (0),  (1),  ...,  (15) 

Buffered  Data-Out  Lines 

CI 

Memory  Cycle  Initiate 

CJMUX 

Conditional  Jump  Multiplexer 

cue,  cue* 

Master  Clock  Signals 

CPINP 

Control  Panel  Interrupt  Acknowledge 

CPINT 

Control  Panel  Interrupt 

CROM 

Control  Read-Only  Memory 

CSHO,  CSH3 

Carry/Shift  Signal  Lines  (RALU) 

CSO,  CS1,  CS2 

Memory  Chip-Select  Lines 

CYOV 

Carry  or  Overflow  Signal 

C81,  C23,  C45,  C67 

Clock  Signals,  each  lasting  for  two  periods 

DATA  (0),  (1),  (2),  and  (3) 

Data  Bus  Lines 

DI  (0),  (1).  (2),  and  (3) 

Data  Input  Lines  to  the  CROM 

D1STR 

Data  Input  Strobe 

ENCTL 

Enable  Control  Signal 

START 

Start  or  continue  signal  to  restart  operation 

FLAGO,  FLAG  12 

User  status  flags 

F8,  Fll F15 

User  control  flags 

HCLK 

Clock  Hold  Signal 

HLT 

Halt  Flag 

HOCSH 

High-Order  Carry/Shift  Signal  Line  (CROM) 

HOLD 

Phase  4  Hold  Signal 

INIT* 

Initialize  Line  (Complemented) 

INTEN 

Interrupt  Enable  Flag 

1NTRPT 

Delayed  Interrupt  Signal 

INTRA 

Interrupt  Request  Signal 

1NTCTL 

Interrupt  Control  Signal 

JCSTR 

Jump  Condition  Strobe  Signal 

JFA 

Jump  Flag  Addresses 
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Table  D    1 .    Nomenclature  Used  in  Circuit  Schematics  and  Text  (Continued j 


Signal  Name 

Description 

LDAR 

Load  Address  Register  Flag 

LOCSH 

Low-Order  Carry/Shift  Signal  Line  (CROM) 

MDO  (0),  (1),  ...,  (15) 

Memory  Data  Out 

MUX 

Multiplexer 

NCB  (0),  (1),  (2),  and  (3) 

Complemented  Control  Bus  Lines 

NFLEN 

Flag  Enable  Signal  Line  (Complemented) 

NJCOND 

Jump  Condition  Input  Line  (Complemented) 

NREQO 

Register  Equal  Zero  Signal  (Complemented) 

POC 

Power-On  Condition 

PROM 

Electrically  Programmed  Read-Only  Memory 

RALU 

Register/Arithmetic/Logic  Unit 

RDM 

Read  Memory  Flag 

RDM-Q1 

Delayed  Read  Memory  Flag 

RDP 

Read  Peripheral  Flag 

RFREQ 

Memory  Refresh  Request  Signal 

RFSH 

Memory  Refresh  Initiate 

SEL 

Select  Flag 

SININ 

Sign-In  Signal  Line 

STF 

Stack  Full  Signal  Line 

STFL 

Stack  Full  Interrupt  Signal 

SVRST 

Save/Restore  Flag 

SW 

Switch  Data  (Input  Port  for  Peripheral  Data) 

SYSCLR* 

System  Clear  (Complemented) 

VGG>   VSS 

Supply  Voltages 

WRM 

Write  Memory  Flag 

WRMP 

Write  Memory  Pulse 

WRP 

Write  Peripheral  Flag 

WRPA 

Write  Peripheral  Strobe  A 

WRPB 

Write  Peripheral  Strobe  B 

WRP3 

Write  Peripheral  Strobe 

PHI,  PH3,  PH5,  and  PH7 

Clock  Phase  Times  1,  3,  5,  and  7.  (Each  of  these  phase 
times  corresponds  to  a  clock  pulse:  Tl ,  T3,  T5,  and  T7.) 

NOTE:    An   asterisk  (*)  after  a 
complemented  signal.  C( 
the  prefix  N  as  part  of  th 

signal  name  (except  a  CROM  or  a  RALU  signal)  denotes  a 
miplementation  is  denoted  for  CROM  and  RALU  signals  by 
e  signal  names. 

106 


Appendix  E 

LIST  OF  PIN  CONNECTIONS  AND  SIGNALS 
ON  IMP-16C  CARD 

Table  E- 1 .  IMP-16C  Pin  Numbers  and  Corresponding  Signal  Names 


Pin 
Number 

Signal  Name 

Pin 
Number 

Signal  Name 

1 

Ground 

2 

Ground 

3 

Ground 

4 

Ground 

5 

+5  volts 

6 

+5  volts 

7 

+5  volts 

8 

+5  volts 

9 

FLAG  12  -  Status  Flag  from  RALU 

10 

ADX00  -  Address  Line,  Bit  00 

11 

SVGG  -  Switched  -12  volts1 

12 

SVGG  -  Switched  -12  volts1 

13 

-10  volts  for  Read/Write  Memory 

14 

—9  volts  for  Read/Write  Memory 

(MM1101A2) 

(MM1101A2) 

15 

INTRA  -  Interrupt  Request  Signal 

16 

1NIT*  -  Initialize  (Complemented) 

17 

Not  Used 

18 

ADX07  -  Address  Line,  Bit  07 

19 

Not  Used 

20 

ADX06  -  Address  Line,  Bit  06 

21 

CSO  -  Memory  Chip-Select  Line 

22 

FLAG0  -  Status  Flag  from  RALU 

23 

ADX02  -  Address  Line,  Bit  02 

24 

ADX01  -  Address  Line,  Bit  01 

25 

ADX03  -  Address  Line,  Bit  03 

26 

Not  Used 

27 

BDO08  -  Buffered  Data  Out,  Bit  08 

28 

ADX05  -  Address  Line,  Bit  05 

29 

ADX04  -  Address  Line,  Bit  04 

30 

C3B*  -  Timing  Signal 

*1 

-12  volts 

32 

-12  volts 

33 

Not  Used 

34 

CS1  -  Memory  Chip-Select  Line 

35 

CS2  -  Memory  Chip-Select  Line 

36 

ODIS  -  Address  Bus  Disable 

37 

Not  Used 

38 

Not  Used 

39 

Not  Used 

40 

MDO00  -  Memory  Data  Out,  Bit  00 

41 

MDO01  -  Memory  Data  Out,  Bit  01 

42 

Not  Used 

43 

MDO02  -  Memory  Data  Out,  Bit  02 

44 

MDO03  -  Memory  Data  Out,  Bit  03 

45 

Not  Used 

46 

Not  Used 

47 

MDO04  -  Memory  Data  Out,  Bit  04 

48 

MDO05  -  Memory  Data  Out,  Bit  05 

49 

Not  Used 

50 

MDO06  -  Memory  Data  Out,  Bit  06 

51 

Not  Used 

52 

MDO07      Memory  Data  Out,  Bit  07 

53 

WRPB  -  Write  Peripheral  Strobe  B 

54 

Not  Used 

55 

Not  Used 

56 

BDO05  -  Buffered  Data  Out,  Bit  05 

57 

DISTR*-  Data  Input  Strobe  (Complemented) 

58 

BDO01       Buffered  Data  Out,  Bit  01 

59 

BDO04  -  Buffered  Data  Out,  Bit  04 

60 

BDO00  -  Buffered  Data  Out,  Bit  00 

61 

BDO03  -  Buffered  Data  Out,  Bit  03 

62 

MD014  -  Memory  Data  Out,  Bit  14 

63 

BDO07  -  Buffered  Data  Out,  Bit  07 

64 

BDO02  -  Buffered  Data  Out,  Bit  02 

65 

BDO06  -  Buffered  Daia  Out,  Bit  06 

66 

WRPA  -  Write  Peripheral  Strobe  A 

67 

BDO09  -  Buffered  Data  Out,  Bit  09 

68 

BDOl  1  -  Buffered  Data  Out,  Bit  1  1 

69 

BD014  -  Buffered  Data  Out,  Bit  14 

70 

BD015  -   Buffered  Data  Out,  Bit  15 

-  Should  not  be  used  on  IMP- 1  6/200  and  300  cards. 
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Table  E    1 .  IMP-16C  Pin  Numbers  and  Corresponding  Signal  Names  (Continued) 


Pin 

Number 

Signal  Name 

Pin 

Number 

Signal  Name 

71 

Ground 

72 

Ground 

73 

BDO10      Buffered  Data  Out,  Bit  10 

74 

BD013  -  Buffered  Data  Out,  Bit  13 

75 

BD012  -  Buffered  Data  Out,  Bit  12 

76 

MDO10  -  Memory  Data  Out,  Bit  10 

77 

MD013   -  Memory  Data  Out,  Bit  13 

78 

MDOl  2  -  Memory  Data  Out,  Bit  1  2 

79 

SW00  -  Switch  Data,  Bit  00 

80 

DSLCT      Input  Data  Select 

81 

SW02  -  Switch  Data,  Bit  02 

82 

MDO08      Memory  Data  Out.  Bit  08 

83 

Not  Used 

84 

SW01  -  Switch  Data,  Bit  01 

85 

INTCTL      Interrupt  Control 

86 

SW03  -Switch  Data,  Bit  03 

87 

MDO09      Memory  Data  Out,  Bit  09 

88 

MDOl  1  -  Memory  Data  Out,  Bit  1  1 

89 

WRM  -  Write  Memory  Flag 

90 

SW08  -  Switch  Data.  Bit  08 

91 

SW10  -  Switch  Data,  Bit  10 

92 

SW09  -  Switch  Data,  Bit  09 

93 

SW11  -  Switch  Data,  Bit  11 

94 

CLK81      Timing  Signal 

95 

SW12  -  Switch  Data,  Bit  12 

96 

SW13      Switch  Data,  Bit  13 

97 

SW14  -  Switch  Data,  Bit  14 

98 

SW04  -  Switch  Data,  Bit  04 

99 

C45      Timing  Signal 

100 

SW06      Switch  Data,  Bit  06 

10.1 

ADX13      Address  Line,  Bit  13 

102 

FXHOLD      External  Hold 

103 

SW05  -  Switch  Data,  Bit  05 

104 

JC14  -  General-Purpose  Jump  Condition 

105 

SW07  -  Switch  Data,  Bit  07 

106 

SW15  -  Switch  Data,  Bit  15 

107 

JC15  —  General-Purpose  Jump  Condition 

108 

MDOl  5  -  Memory  Data  Out,  Bit  1  5 

109 

ADX11       Address  Line,  Bit  11 

110 

ADX10  -  Address  Line,  Bit  10 

1  1  1 

ADX08      Address  Line,  Bit  08 

112 

ADX09    -   Address  Line,  Bit  09 

1  13 

RDM  -  Read  Memory  Flag 

1  14 

ADX12  -  Address  Line,  Bit  12 

1  15 

ADX14      Address  Line,  Bit  14 

116 

ADX15  -  Address  Line.  Bit  15 

1  17 

CPINP  -  Control  Panel  Interrupt 

118 

CPINT      Control  Panel  Interrupt 

1  19 

JC1  3  -  General-Purpose  Jump  Condition 

120 

WRMP  -  Write  Memory  Pulse 

121 

RDP  -  Read  Peripheral  Flag 

122 

WRP   -  Write  Peripheral  Flag 

123 

START  -  Start  Signal 

124 

RFREQ  -  Memory  Refresh  Request 

125 

HLT*(FLAG) 

126 

SYSCLR*  -  System  Clear  (Complemented) 

127 

CLK*  -  Master  Clock  (Complemented) 

128 

CLK  -  Master  Clock 

129 

JC  i  2  -  General-Purpose  Jump  Condition 

130 

F8  -  General-Purpose  User  Flag 

131 

INT  EN  -   Interrupt  Enable  Flag 

132 

F15      General-Purpose  User  Flag 

133 

Fl  1  -  General-Purpose  User  Flag 

134 

F14  -  General-Purpose  User  Flag 

135 

F13  -  General-Purpose  User  Flag 

136 

FI2  -  General-Purpose  User  Flag 

137 

+5  volts 

138 

+5  volts 

139 

+  5  volts 

140 

+5  volts 

141 

Ground 

142 

Ground 

143 

Ground 

144 

Ground 

NOTE: 

1.    Odd-numbered  pins  are  on  component  side  an 

J  even-num 

3ered  pins  are  on  solder  side  ol  1MP-16C  card. 

2.    Pins  83  and  55  are  used  for  CYCLE  INITIA 

TE  and  EX 

TERNAL  REFRESH  functions,  respectively, 

in  the  IMP-16P  system  (IMP-16P/200,  /300). 
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PREFACE 

This  application  note  supplements  the  IMP-16C  Application  Manual  and  supplies  infor- 
mation pertaining  to  the  implementation  of  peripheral  interfacing  for  the  IMP-16C. 
The  user  should  be  familiar  with  the  contents  of  the  IMP-16C  Application  Manual, 
particularly  with  respect  to  the  macroinstruction  and  timing-signal  mnemonics. 

The  material  supplied  in  this  application  note  is  for  information  purposes  only  and  1b 
subject  to  change  without  notice.      This  applies  particularly  to  the  circuit  diagrams 
and  the  computer  program  listings. 
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CHAPTER   1 

GENERAL  INFORMATION 


This  chapter  discusses  IMP-16C   interface  considerations,    advisability  of  having  a 
control  panel  for  use  with  the  IMP-16C,    and  interface  methods  and  programs.      More- 
detailed  information  on  these  subjects    is     presented  in  the  remaining  chapters. 

1.1         IMP-16C   INTERFACE  CONSIDERATIONS 

Peripheral  devices  communicate  with  the  IMP-16C  processor  via  the  SW  input  bus  and 
the   BDO  data  out  bus.      A  number  of  user  control  flags  are  available  to  control  various 
I/O  operations.      In  this  application  note,    emphasis   is  placed  on  program -controlled 
operations  to  illustrate  the  simplicity  of  the  interface  requirements. 

When  designing  a  peripheral  device  interface,    a  wide   range  of  possibilities  exist 
between  a  single -purpose  (economical)  interface  and  a  multi-purpose  (expensive)  inter- 
face.     The  single -purpose  interface  must  rely  on  processor  control  to  generate  the 
necessary  timing  sequences,    while  the  multi-purpose  interface   requires  only  a  minimal 
amount  of  processor  control.      The  trade-off  between  expense  and  hardware  volume  can 
only  be  determined  by  the  user's   needs.      There  is  nothing  inherent  in  the  design  of 
the  IMP-16C  bus  system  or  the  processor  that  requires  a  complex  interface. 

The  teletype  interface  using  control  flags   (described  in  chapter  3   of  this   note)  is  an 
example  of  a  relatively  simple  peripheral  interface   that  is  flexible  enough  for  all 
operations  but  requires  a  large  degree  of  program  control.      This  is  acceptable  for 
most  applications  where  the  processor  is   not  doing  other  functions  during  teletype 
operations. 

Figure   1-1   is  a  simplified  block  diagram  of  the   I/O  bus   structure  of  the  IMP-16C 
microprocessor.      The  timing  of  the  various   signals  and  data  lines   is  given   in 
figure     1-2.      Data  bits  presented  pn  the  SW  bus  are  accepted  during  T7  as  deter- 
mined  by  the  DISTR*  pulse.      Output  data  is  valid  during  T4.      Input  jump  conditions 
and  output  control  flags  are   valid  at  the  start  of  T2.      Control   flags  are   reset  at  the 
beginning  of  T6.      Addresses  on  the  ADX  bus   start  coming  up  during  T3  and  are 
valid  at  the  start  of  T4. 

When  interfacing  external  devices  with  the  IMP-16C,    peripheral  device  addresses  may 
l>e  distinguished  from   memory  addresses   by  the  presence  of  the   RDP  or  WRP  flags 
that  are  pulsed  during  R1N  and   ROUT  instructions,    respectively. 

Timing  for  RIN  and  ROUT  instructions   is  shown  in  figure   1-3.      Each  of  these  instruc- 
tions takes  seven  microcycles  to  execute.      During  the  first  microcycle   (FETCH),    the 
RDM  flag  enables  the  establishment  of  a  memory  address   on  the   ADX  lines  to  permit 
the   fetching  of  the  instruction.      The  next  six  microcycles  effect  the  execution  of  the 
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T2               1                 T3 

|                  T4                I 

T5 

T6 

1                T7                l 
INPUT  DATA  VALID 

T8 

OUTPUT  DATA  VALID 

C4S 

SET 

FLAGS 

JUMP  CONDITION  VALID 

MUST  NOT  CHANGE  DURING  T2 

PULSE 

JUMP 

[ 

CONDITION 

ADX  LINES 

~\ 

/ 

NS00147 


INOT  TO  SCALEI 


Figure   1-2.      IMP-16C  Timing  Chart 


instruction.      In  the  sixth  microcycle,    the   LDAR  flag  is  pulsed,    thus  enabling  the 
latching  of  the  peripheral  address  on  the  ADX  lines.      These  latched  addresses  are 
valid  through  the  next  microcycle,    at  which  time  the  RDP  or  WRP  flag  is  pulsed  and 
the  actual  data  transfer  takes  place. 

During  a  ROUT   instruction,    the  data  present  on  the   BDO  lines  at  T4  of  the   seventh 
microcycle   is  the   output  data  from  ACO.      During  a  RIN   instruction,    the  data  present 
on  the  SW  lines  at  T7   of  the   seventh  microcycle  is  the   input  data  accepted  by  the 
processor  and  loaded  into  ACO. 


1.  2 


IMP-16C   CONTROL  PANEL 


The  IMP-16C   is   self-contained  for  control  operations;   however,    for  some  general- 
purpose  applications  a  control  panel  may  be  needed  or  convenient  to  have  for  debug- 
ging programs,    entering  or  retrieving  data  from   the  IMP-1GC,    verifying  system 
operation,    troubleshooting,    and  other   operator -controlled  purposes. 

The  control  panel  described  here  is   one  that  is   relatively  uncomplicated  and  has  a 
minimum  number  of  components.      A  software  service  routine,    resident  in  main 
memory,    scans  the  panel  switches  and  implements  appropriate  service  actions 
according  to  switch  positions.      This  control  panel  and   its   operations  are  described 
in  chapter   2. 
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Figure   1-3.      Timing  Sequence  for  RIN  and  ROUT  Instructions 


1.3    INTERFACE  METHODS  AND  PROGRAMS 

Chapters   3  through  7   of  this  note  present  several  interface  methods  and  related 
programming  considerations  as  well  as  a  description  of  interrupt     handling.      Included 
are  various   sample  programs  that  facilitate  generating  and  loading  program  tapes. 

A  complete   firmware  package   is  available  as  a  PROM  and  may  be   run  on  the  IMP-16C 
(interfaced  to  a   control   panel).      The   listing  of  this   package   is   given   in  appendix  A. 
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CHAPTER  2 


CONTROL  PANEL  OPERATIONS 


2.1 


GENERAL  INFORMATION 


The  control  panel  described  here   is  a  very  simple  means  of  entering  and  retrieving 
information  from  the  IMP-16C   card.      It  does   not  decode  any  device  addresses;   it 
works  off  the  RDP  and  WRP  flags  pulsed  by  the  RIN  and  ROUT  instructions.      The 
schematic  diagram  in  figure   2-1  depicts  the  arrangement  of  the  panel  logic.      With 
this  panel,    six  momentary  contact  switches  may  be  serviced  by  a  software  routine. 
The   routine  provided  with  this  control  panel  assumes  the  following  assignments. 


SWITCH 

CONNECTED   TO 

FUNCTION 

SW21 

JUMP  CONDITION   7 

EXECUTE  (START) 

SW19 

JUMP  CONDITION   13 

LOAD  DATA 

SW18 

JUMP  CONDITION   15 

DISPLAY 

SW17 

JUMP  CONDITION   12 

LOAD   ADDRESS 

SW22 

INTRA 

HALT,  (interrupt 
serviced) 

Provides 

SW20 

SYSCLR* 

INITIALIZE 

overriding 

initialization 

of  CPU 

The  physical  location  of  the  various   switches   on  the  control  panel  board  is   shown  in 
figure   2-2;  the  next  few  paragraphs  describe   operating  procedures  for  this   panel  when 
it  is  used  with  the  service  program. 

Figure   2-1   is  a  simplified  version  of  the  actual  control  panel  logic  schematic  diagram 
(provided  as  part  of  the  control  panel  kit  IMP-16C/882,    formerly  CTLPLKIT).      The 
switch  numbers   in  the  table  above   refer  to  switch  positions   called  out-  on  the   original 
diagram. 


2.2 


OPERATING  PROCEDURES 


The  following  paragraphs   provide  the  procedures  for  performing  the  various   operations 
at  the  control  panel. 

2.2.1     Loading  Main  Memory 

1.         Set  the  Data  Switches  to  the  address   of  the  desired  starting  location. 

(Note:     locations   0  through  6  in  memory  are  reserved  for  control  pro- 
gram usage. ) 
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2.  Press    LOAD  ADDRESS.      The  selected  address  will  be  displayed  on  the 
Bit  Display    Lights. 

3.  Set  the  Data  Switches   to  the  data  value  to  be  loaded. 

4.  Press    LOAD   DATA.      The  value  will  be   displayed,    and   the   memory- 
location  address  will   be   incremented  automatically. 

5.  Subsequent  memory  locations   may  be   loaded  in  consecutive  order  by 
setting  the   desired  bit  pattern  of  the  value  to  be   loaded  and  pressing 
LOAD  DATA  after  each  setting. 

2.2.2  Altering  Memory   Locations 

1.  Set  the  address   of  the   location  whose  contents  are  to  be  altered  on  the 
Data  Switches,    and  press    LOAD  ADDRESS. 

2.  Set  the  new  value   of  the  data  on  the  Data  Switches,    and  press    LOAD 
DATA. 

2.2.3  Examining  Memory   Locations 


1.  Set  the  address   of  the   location  whose  contents  are  to  be  displayed  on  the 
Data  Switches,    and  press   LOAD   ADDRESS.      The  selected  address  will  be 
displayed  on  the   Bit  Display   Lights. 

2.  Press  DISPLAY.      The  contents   of  the  selected  location  will  be  displayed, 
and  the  memory-location  address  will  be  incremented  automatically. 

3.  Subsequent  memory  locations   may  be  displayed  in  consecutive  order  by 
repeatedly    pressing  DISPLAY. 

2.2.4  Loading  The   Accumulators 

1.  Set  the  Data  Switches  to  the  number  of  the  accumulator  to  be  loaded 
(X'0000  for  ACO,    X'0001  for  ACl,    and  so  on),    and  press   LOAD  ADDRESS. 

2.  Set  the  Data  Switches   to  the  value  to  be  loaded,    and  press   LOAD  DATA. 

3.  Repeat  steps   1  and  2  for  each  accumulator  to  be  loaded. 

2.2.5  Displaying  Accumulator  Values 

1.  Set  the  Data  Switches  to  the   number  of  the  accumulator  whose  contents 
are  to  be  displayed  (similar  to  step  1  above),    and  press   LOAD  ADDRESS. 

2.  Press  DISPLAY. 

3.  Repeat  steps   1  and  2  for  each  accumulator  whose  contents  are  to  be 
displayed. 
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2.2.6  HALT  and  Continue  Operations 

The  panel  HALT  switch  interrupts  the  processor  and  sets  it  in  a  HALT  mode.      If  the 
Data  Switches  are  set  to  X'0000  and   EXECUTE  is  pressed,    then  the  processor  returns 
control  to  the  control  panel  routine.      Otherwise,    an  EXECUTE  command  causes  the 
program  to  resume  where  it  left  off  at  the  time  of  the   HALT. 

At  the  time  of  a  HALT,    the  return  address  of  the  interrupted  program  is  displayed  on 
the   Bit  Display   Lights.      This  can  be  noted  and  used  as  a  resumption  address  if  the 
normal  return  from   interrupt  is  not  used. 

2.2.7  Executing  A  Program 

1.  Select  the  starting  address  of  the  program  on  the  Data  Switches. 

2.  Press   EXECUTE. 

After  a  program  has  been  run,    its  results  may  be  observed  (looking  at  register  values 
and  examining  specific  memory  locations)  by  coding  a  JMP  X'OO  instruction  at  the  last 
executable  instruction;  that  is,    after  entering  a  program,    code  X'2000  as  the  final 
instruction.      This   returns  control  to  the  control  panel  routine  without  altering  the 
status  of  the   registers.      If  register  values  need  not  be  saved,    the  same  effect  can  be 
achieved  by  pressing  INIT. 

2.  2.  8    Initialization 

The  function  of  the  INIT  switch  is  to  clear  the  CPU  and  return  control  to  the  starting 
sequence.      Main  memory  is  not  affected  by  this  operation  because  it  has  separate  power 
lines.      Therefore,    a  program  once  loaded  into  the  read/write  memory  remains 
unaltered  until  it  is  overwritten  or  power  to  the  entire  unit  is  shut  off. 
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Figure   2-2.      Control   Panel  Arrangement 
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2.3         CONTROL  PANEL  SERVICE  ROUTINE 

The  program  that  effects  the   operations  detailed  in  2.2.1  through  2.2.7  works  on  a 
continuous  scan  of  the  front  panel  active  switches.      When  the  processor  is  powered  up, 
it  begins   to  execute  instructions  at  memory  location   FFFE-,6  (located  in  top  page   in  a 
PROM/ROM).      These   instructions  direct  the  processor  into  a  5-cycle  wait  loop  that 
awaits  a  front  panel  command. 

The  front  panel   HALT  function  interrupts  normal  operation  of  the  processor  and  sends 
control  to  an  interrupt  service   routine.      Program  listings  for  the  control  panel  service 
routine  and  the  interrupt  service  routine  are  given  on  the  following  pages.      It  must  be 
noted  that  this   simple   control  panel  by  itself  is  not  intended  to  be  a  software  debug 
aid,    but  rather  it  is  a  means  of  manual  entry  of  information  into  the  IMP-16C.      As 
such,    when  using  any  of  the   routines   described  in  this  application  note,    the  directions 
supplied  must  be  followed  closely. 

NOTE 

All  numbers  that  represent  data  are  written  in 
hexadecimal  format.      The  notation  for  this   for- 
mat is  either  the   subscript   16  following  the  num- 
ber or  the  prefix  X'  preceding  the  number. 

Example:     4A08^  means  the  same  as  X'4A08. 
lb 


PAGE  CONTROL  PANEL  SERVICE  ROUTINE' 

VERSION  2,  APRIL  25    1973 
.=X'FFAD 

WORD  X'21B4 

WORD  X'21ED 

WORD      5 

WORD      1 

LD  3.  JINTR 

ST  3,X'01;  LOAD  LOCATION  1  WITH  JUMP  TO  INTERRUPT 

LD  3.JSTRT 

ST  3,X'00;  LOAD  LOCATION  0  WITH  JUMP  TO  CONTROL  PANEL 

JSR  SAVE  ;  SAVE  ACCUMULATORS. 

SFLG    1  ;   ENABLE  INTERRUPT  SYSTEM. 

ROUT  0 


FF86 

FF86 

FF86 

FF86    FFADA 

FFAD21B4    A 

JSTRT: 

FFAE  21ED  A 

JINTR: 

FFAF0005    A 

FIVE: 

FFBO  0001     A 

ONE: 

FFB1    8DFC  A 

BEGIN 

FFB2  AC01    A 

FFB3  8DF9   A 

FFB4  AC00  A 

FFB5  2929    A 

START 

FFB6  0900    A 

SET: 

FFB7  0600    A 

ROUT 

FFB8   1C04    A 

WAIT: 

FFB9    1D0A  A 

FFBA  1710    A 

FFBB  1F1F    A 

FFBC  21FB    A 

FFBD  1CFF   A 

LA: 

FFBE  0400    A 

FFBF  3281     A 

FFC0  3381     A 

FFC1    E1ED  A 

FFC2   120D    A 

FFC3  21F3    A 

FFC4    1DFF   A 

LD: 

FFC5  0400     A 

FFC6   F938    A 

FFC7   21F0    A 

FFC8   A200    A 

LOAD  ADDRESS'  SWITCH. 
'LOAD  DATA' SWITCH. 

EXECUTE' SWITCH. 
'DISPLAY'  SWITCH. 
RETURN  TO  WAIT  LOOP. 
CHECK  RELEASE. 
READ  SWR. 
SAVE  ADDRESS  IN  AC2. 


BOC  C12.LA 

BOC  C13.LD 

BOCC7,  EX 

BOC  C15,  DISP 

JMP   A 

BOC  C12.LA 

RIN  0 

RCPY  0,2 

RCPY  0,3 

SKG  0.FIVE;        PREVENTS  LOADING  OF  RESERVED  LOCATIONS 

BOC  C2,  RSRVE 

JMP  ROUT 

BOC  C13.LD;       CHECK  RELEASE  FOR  LOAD  DATA  SWITCH 

RIN0;  READ  SWITCHES 

SKNE  2.LAST6;        PREVENTS  LOADING  LOCATION  6 

JMP  WAIT 

ST   0,(2)  ;       LOAD  MEMORY 
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FFC9  C9E6 

A 

FFCA  21EC 

A 

FFCB  17FF 

A 

FFCC  0400 

A 

FFCD  4000 

A 

FFCE  2918 

A 

FFCF  0200 

A 

F  F  DO  0600 

A 

FFD1    1D05 

A 

FFD2  1F01 

A 

FFD3  21FD 

A 

FFD4  1FFF 

A 

FFD5  8302 

A 

FFD6  21E0 

A 

FFD7  1DFF 

A 

FFD8  0400 

A 

FFD9  A202 

A 

FFDA21DC 

A 

FFDB  1FFF 

A 

FF  DC  8300 

A 

FFDDCDD2  A 

FFDE  21D8 

A 

FFDF 

FFDF  A002 

A 

FFEO  A403 

A 

FFE1    A804 

A 

FFE2  AC05 

A 

FFE3  0080 

A 

FFE4  4500 

A 

FFE5  A406 

A 

FFE6  0200 

A 

FFE7 

FFE7  8406 

A 

FFE8  4100 

A 

FFE9  0280 

A 

FFEA8002 

A 

FFEB  8403 

A 

FFEC  8804 

A 

FFED8C05 

A 

FFEE  0200 

A 

FFEF 

FFEF 

FFEF  180B 

A 

FFFO  29EE 

A 

FFF1    4400 

A 

FFF2  4000 

A 

FFF3  0600 

A 

FFF4  0000 

A 

FFF5  0400 

A 

FFF6   1102 

A 

FFF7  29EF 

A 

FFF8  0100 

A 

FFF9 

FFF9  4400 

A 

FFFA  21BB 

A 

FFFB  4CFF 

A 

FFFC  0600 

A 

FFFD  0000 

A 

FFFE  21B2 

A 

FFFF  0006 

A 

000 

EX 


RSRVE: 


DISPAC 


LDAC: 


DISP: 


SAVE 


RSTOR 


INTR: 


STFL 


LAST  6 


SAVE  JUMP  ADDRESS  IN  STACK. 
FAKING  AN  INDIRECT  JUMP. 


ADD  2,  ONE;       INCREMENT  ADDRESS 

JMP  ROUT 

B0CC7,  EX         ;      CHECK  RELEASE 

RIN  0 

PUSH  0 

JSR  RSTOR 

RTSO 

ROUTO 

B0CC13,  LDAC 

B0CC15. DISPAC 

JMP  .-2 

BOC  C15, DISPAC;    DISPLAY  ACCUMULATOR  ROUTINE 

LD  0,2(3) 

JMP  ROUT 

BOC  C13.LDAC 

RIN  0 

ST  0.2(2) 

JMP  ROUT 

BOC  C15. DISP 

LD0.(3) 

ADD  3,  ONE;       INCREMENT  ADDRESS 

JMP  ROUT 


ST0.X02 
ST  1,X'03 
ST  2,X'04 
ST  3.X05 
PUSHF 
PULL  1 
ST  1,X'06; 
RTSO 

LD  1,X'06 
PUSH  1 
PULLF 
LD0,X'02; 
LD  1,X'03 
LD  2,X'04 
LD  3,X'05 
RTSO 
PAGE 

BOC  C8.STFL 
JSR  SAVE; 
PULLO 
PUSH  0 
ROUT  0; 
HALT 
RIN  0; 
BOC  CI. .+3; 
JSR  RSTOR; 
RTI   , 

PULLO 
JMP  SET; 
LT0.-1 
ROUTO 
HALT 
JMP  BEGIN 

WORD  6 

END 


SAVE  ACO  •  AC3  IN  LOCATIONS  X'02  -  X'05. 


SAVE  FLAGS  IN  LOCATION  6. 


RESTORE  ACCUMULATORS. 


INTERRUPT  SERVICE  ROUTINE  FOR  HALT  AND  STACKFULL' 


SAVE  ACCUMULATORS  IN  LOCATIONS  2.3,4  AND  5. 


INTERRUPT  ADDRESS  IS  DISPLAYED. 

READ  SWITCHES 

IF  SWITCHES  ARE  SET  TO  ALL  ZEROS,  'EXECUTE'  CAUSES 

A  RETURN  TO  THE  CONTROL  PANEL  ROUTINE. 

IF  SWITCHES  ARE  SET  TO  ANY  NONZERO  NUMBER,   EXECUTE 

CAUSES  A  NORMAL  RETURN  FROM  INTERRUPT. 

RETURN  TO  CONTROL  PANEL  ROUTINE. 

NON  RECOVERABLE  SITUATION.  "INITIALIZE"  RETURNS 
CONTROL  TO  PANEL 
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2.4    CONTROL  PANEL  WIRE  LIST 

The  wire  list  for  the  connections  between  the  control  panel  card  and  the  IMP-16C   is 
provided  in  table  2-1. 

Note  that  the  switches  from  the  control  panel  are  brought  out  directly  to  terminals. 
When  these  lines  are  connected  to  the  IMP-16C,    no  other  lines  may  be  connected  to 
the  same  bus.      Therefore,    if  it  is  desired  to  hook  up  other  equipment  on  the  input 
data  bus,    the  switch  lines  from  the  control  panel  must  be  passed  through  buffers  with 
tri -state  outputs  that  may  be  disabled. 
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Figure  3-1.      Serial  Teletype  Interface,    Flag  Controlled 
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CHAPTER  3 
SERIAL  TELETYPE  INTERFACES 


3.1  GENERAL  INFORMATION 

Two  program-controlled  teletype  interfaces  are  presented  in  this  chapter.      The  first 
is  a  simple,    economical     interface  that  employs  control  flags.      The   second  interface 
requires  more  hardware  since  it  employs  device  address  decoding,    but  this  interface 
has  the  advantage  of  being  completely  software -supported  and  does  not  tie  up  user 
flags.      Each  of  these,    along  with  sample  programs,    is  described  in  the   following 
paragraphs. 

3.2  PROGRAM-CONTROLLED  INTERFACE   USING   FLAGS 

A  very  simple  teletype  interface  can  be  built  using  two  thirds  of  a  DM7404  package 
and  a  few  discrete  elements.      This  interface  permits  communication  with  the  IMP-16C 
via  a  user  jump  condition  and  two  user  control  flags.      This  approach  eliminates  the 
need  for  device  address  decoding  and, consequently,    turns  out  to  be  a  very  economical 
implementation.      Since  the  address  fields  of  the  RIN  and  ROUT  instructions  are  not 
used,    AC3  is  not  tied  up  any  more  and  can  be  used  freely  by  the  programmer.      The 
circuit  schematic  is  given  in  figure  3-1. 

The  listings  provided  under  paragraphs  3.2.1  and  3.2.2  describe  a  character -read 
routine  (RECV)  and  a  character-transmit  routine  (SEND)  that  receives/sends  bit-serial 
information  between  the  TTY  and  the  IMP-16C.      User  jump  condition   14  (JC14)   is 
used  for  data-in  and  flag  12  (F12)  is  used  for  data-out.      An  additional   flag  (Fll)  is 
used  as  a  reader-enable  control  signal. 

NOTE 

1.  In  figure  3-1,  an  optional  7475  is  used  to  synchronize 
the  jump  condition  input  into  the  IMP-16C  to  assure 
that  the  signal  is  stable  between  successive  T4  times 
of  any  microcycle  sequence.     This  is  recommended  to 
prevent  the  rare  (but  possible)  occurrence  of  the  jump 
condition  input  making  a  transition  during  the  leading 
edge  of  phase  2.     On  the  IMP-16C/200,  C/300  this 
circuit  is  already  provided. 

2.  The  mnemonic  TTY  is  used  frequently  to  denote 
"teletype." 

3.2.1     Teletype  Transmit  Character   Routine 

This  routine  takes  one  character  (right  justified  in  ACO)  and  sends  it  to  the  TTY. 
Since  this  is  written  as  a  subroutine,  accumulators  0,  1,  and  2  are  saved  on  the 
stack  before  being  used  in  the  routine  as  temporary  storage  areas. 
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SEND: 


PUT: 


$XX: 


.PAGE 

'TRANSMIT 

XMIT  = 

k 

PUSH 

2 

PUSH 

1 

SFLG 

XMIT 

JSR 

DELAY 

LI 

2,8 

PFLG 

XMIT 

BOC 

3,$XX 

SFLG 

XMIT 

JSR 

DELAY 

SHR 

0,1 

AISZ 

2,-1 

JMP 

PUT 

PFLG 

XMIT 

JSR 

DELAY 

JSR 

DELAY 

PULL 

1 

PULL 

2 

RTS 

CHARACTER  ROUTINE1 

;  TELETYPE  TRANSMIT  FLAG 

;  SAVE  ACCUMULATORS. 

;  SEND  START  BIT. 

;  DELAY  INTO  FIRST  DATA  BIT. 

;  SET  BIT  COUNT. 

;  CLEAR  TRANSMIT  FLAG. 

;  SEND  DATA  BIT. 

;  TEST  TO  SEE    IF  DONE. 

;  SEND  TV/O  STOP  BITS. 


The  DELAY  subroutine  below  is  used  in  the  routine  above  and  in  the  RECV  routine  to 
provide  the  required  delay  between  the  teletype  bits  that  are  being  processed  serially. 


DELAY: 

LD 

1,V2 

AISZ 

1,-1 

JMP 

.-1 

RTS 

VI: 

.WORD 

01B1 

V2: 

.WORD 

035E 

;    LOAD  TIMING  PARAMETER 


3.2.2    Teletype  Receive  Character  Routine 

This  routine  takes  one  character  from  the  TTY  and  loads  it  into  ACO  (right  justified). 

A  loader  that  reads  IMP-16      Assembler -generated  load  modules  (RLMs)  and  that  loads 
memory  is  described  in  chapter  5.      The  programs  described  in  section  3.2  may  be 
used  in  conjunction  with  the  control  panel  described  in  chapter  2. 
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.PAGE 

'TELETYPE 

JCll* 

=  Ik 

READR 

=  3 

CI 

=  1 

C2 

=  2 

RECV: 

PUSH 

1 

PUSH 

2 

PFLG 

2 

LI 

2,8 

SFLG 

READR 

BOC 

JCll*,.  +  2 

JMP 

.-1 

LD 

1,V1 

JSR 

DELAY+1 

PFLG 

READR 

BOC 

JC14,.+2 

JMP 

RECV+2 

REP: 

JSR 

DELAY 

SHR 

0,1 

BOC 

JC14,.+2 

OR 

0,H8000 

AISZ 

2,-1 

JMP 

REP 

JSR 

DELAY 

SHR 

0,8 

PULL 

2 

PULL 

1 

RTS 

H8000: 

.WORD 

08000 

GET  CHARACTER  ROUTINE1 

;  INPUT  JUMP  CONDITION. 
;  READER  ENABLE  FUG. 


;  SAVE  ACCUMULATORS. 

;  DISABLE  LINK. 

;  SET  COUNT  FOR  8  BITS. 

;  TEST  FOR  START  BIT. 

;  LOOP  UNTIL  FOUND. 

;  LOAD  TIMING  PARAMETER. 

;  DELAY  HALF  BIT  TIME. 

;  TEST  FOR  DATA  BIT. 


;   DECREMENT  COUNT. 


;  MASK  WORD 


3.3         PROGRAM-CONTROLLED  INTERFACE   USING  DEVICE   ADDRESSES 

A  more -conventional  (in  terms  of  minicomputer  type  of  usage)  TTY  interface     uses  a 
peripheral  device  address  decoder.      This  approach  obviously  requires  more  hardware, 
but  it  has  the  advantage  of  being  software -supported  because  IMP-16L  TTY  routines 
may  be  used  directly     and  does  not  tie  up  any  user  flags. 

This  teletype  interface  is  a  full-duplex,    bit-serial  communication  path  that  allows  the 
processor  to  send  or  receive  serial  bit  streams  to  and  from  the  teletype.      The  for- 
matting and  timing  of  the  bit  stream  must  be  controlled  by  the  processor.      All  com- 
munication between  the  processor  and  the  interface   is   over  the  system  data  bus. 

Figure  3-3  shows  the  hardware  required  for  this' type  of  interface.      The  driver  circuits 
are  the  same  as  described  in  3.2.      The   8-bit  device  address  and  3-bit  order  field  are 
decoded  by  DM7430  gate  and  a  DM74155  3-to-8-line  decoder. 

The  data  received  by  the  teletype  may  be  read  over  the  system  data  bus  in  bit  posi- 
tion 15  by  use  of  the  RIN  instruction.      The  data  format  is  shown  in  figure  3-2. 
Bits  0  through  14  are  undefined  and  should  be  masked  by  the  program.      The  bits 
comprising  the  character  will  be  input  serially,    least  significant  bit  first. 
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Figure  3-2.      Teletype  Data  Word   Format 


The  teletype  transmit  circuits   may  be   instructed  to  transmit  a   1   or  a   0  by  use   of  the 
ROUT  instruction.      Once  set  to  a  value,    the  circuits  continue  to  transmit  that  value 
until  instructed  to  transmit  another  value   or  cleared  with  a   RESET  order.      The 
transmit  value   is   set  from  bit   15  of  the  data  bus.      Bits   0  through  14  are  not  used 
and  may  be  any  value.      The  bits  comprising  the  character  should  be  transmitted 
serially,    least  significant  bit  first. 

The  paper  tape  reader  control  may  be  used  for  teletypes  that  have  a  paper  tape 
reader  control  circuit.      This  optional  feature  allows  program  control  of  the   tape 
reader;  this   is  especially  desirable   for  applications  where  the  data  are  processed  as 
they   are   read  as  the   reader  may  be   stopped  during  data  processing.      Six  order  codes 
are  acknowledged  by  the  teletype  interface.      These  are   listed  in  table  3-1.      The  effect 
of  each  order   is  explained  below.      Those  orders   marked  with  an  asterisk  are  not  used 
in  the  program  examples   given  here. 

RIN  Code   2   -   Bit  15  of  the  data  bus   is  set  equal  to  the  output  of  the  teletype. 
The  processor,    in  turn,    will  transfer  the  data  bus  to  ACO.      A  binary   1   repre- 
sents a  teletype  mark,    and  a  binary  0  represents  a  teletype  space.      Bits   0 
through  14  are  undefined. 

RIN  Code  4   -  The  paper  tape  reader  is  turned  on. 

RIN  Code  5  -  The  interrupt  request  and  interrupt  enable  flags  are  turned  off. 
The  teletype  output  is  set  to  the  idle  (marking)  state.  The  paper  tape  reader 
enable  is  turned  off. 

*RIN  Code   6   -  The  teletype   responds   to  the   "Interrupt  Select  Status   1"  order  by 
setting  data  bit  7  equal  to  the  state  of  the  interrupt  request  flag. 

♦ROUT  Code   1   -  The   interrupt  enable  flag  is  turned  on. 

ROUT  Code   3   -  The   teletype   transmit  circuit  is   set  to  the  value  of  data  bit  15. 

ROUT  Code  4   -  The   paper  tape   reader  is  turned  on. 

ROUT  Code   5   -  The   interrupt  request  and  interrupt  enable  flags  are   turned  off. 
The  teletype  output  is   set  to  idle   (marking)  state.      The  paper  tape   reader 
enable   is   turned  off. 
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Table   3-1.      Serial  Teletype  Order  Codes 


Instruction 

Order  Code 

Action 

RIN 

000 

NO  ACTION 

001 

NOT  ALLOWED 

010 

READ   BIT   FROM  TTY 

011 

NOT  ALLOWED 

100 

START   TAPE   READER 

101 

RESET 

110 

INT  STATUS  TO   BIT   7* 

111 

NO  ACTION 

ROUT 

000 

NO  ACTION 

001 

SET  INTEN  =  DATA   BIT   15* 

010 

NOT  ALLOWED 

011 

WRITE   BIT   TO  TTY 

100 

START  TAPE   READER 

101 

RESET 

110 

NOT   ALLOWED 

111 

NO  ACTION 

The  program  listings  that  follow  show  the  corresponding  receive  and   transmit  routines 
for  this   hardware.      For  these  programs,    the   teletype   has   been  assigned  a  peripheral 
address   of  0038^q,    and  the  various  order  codes  are  given  in  table  3-1. 

3.3.1     Teletype  Transmit  Character   Routine 

This   routine  takes   one  character  (right  justified  in  ACO)  and  sends  it  to  the   TTY. 
Since  this   is  written  as  a  subroutine,    the  contents   of  accumulators   1  and  2  are 
saved  in    memory     before  the  accumulators  are  used  in  the   routine  as  temporary 
storage  areas. 
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PUTC: 


LP2: 


DONE: 


.PAGE   'TELETYPE  PUT  CHARACTER  ROUTINE1 

;  TELETYPE  ADDRESS 

;  SAVE  ACCUMULATORS, 


TTYAD 

=  7*8 

SEND 

=  3 

ST 

1,7 

ST 

2,8 

PFLG 

2 

LD 

1,V1 

JSR 

DELAY+1 

LI 

2,9 

LI 

3, TTYAD 

ROUT 

SEND 

JSR 

DELAY 

AISZ 

2,-1 

JMP 

.+2 

JMP 

DONE 

ROR 

0,1 

ROUT 

SEND 

JMP 

LP2 

LI 

o,-i 

ROUT 

SEND 

JSR 

DELAY 

LD 

1,7 

LD 

2,8 

RTS 

;  CHECK  TO  SEE  IF  DONE 


;  SEND  STOP  BIT. 


;   RESTORE  ACCUMULATORS. 


3.3.2    Teletype  Receive  Character  Routine 

This  routine  takes   8  bits  of  serial  data  from  the  teletype  transmitter  interface  and 
packs  them  into  ACO  with  the  bits   right -justified. 

.PAGE        'TELETYPE  GET  CHARACTER  ROUTINE' 
TTYAD  =  7*8 


GETC: 


RESET  =  5 
RDREN  =  k 
READ  =  2 


ST 

ST 

PFLG 

LI 

ROUT 

LI 

ROUT 

RIN 

BOC 

JMP 

LD 

JSR 

RIN 

BOC 

JMP 


2,8 

1,7 

2 

3, TTYAD 

RESET 

2,8 

RDREN 

READ 

2,. +2 

.-2 

1,V1 

DELAY+1 

READ 

2,.  +  2 

GETC+3 


SAVE  AC1  AND  AC 2  IN 
LOCATIONS  7  AND  8. 


SET  BIT  COUNT  TO  8. 
TEST  FOR  START  BIT 


(listing  continued) 
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LP1: 


MASK: 


JSR 

DELAY2 

RIN 

READ 

AND 

0,MASK 

SHR 

1,1 

RXOR 

0,1 

AISZ 

2,-1; 

JMP 

LP1 

JSR 

DELAY 

SHR 

1,8 

RCPY 

1,0 

LD 

1,7 

LD 

2,8; 

RTS 

.WORD 

X'8000 

;  DELAY  ONE  BIT  TIME. 

;  TEST  TO  SEE  IF  DONE. 

;  DELAY  INTO  FIRST  STOP  BIT. 

;  RESTORE  ACCUMULATORS. 


The  GETC  and  PUTC  routines  use  the  same  type  of  DELAY  subroutine  as  the  RECV 
and  SEND  routines  of  the  previous  section.  Locations  7  and  8  of  main  memory  are 
used  as  temporary  storage  locations. 


DELAY: 

LD 

1,V2 

AISZ 

1,-1 

JMP 

.-1 

RTS 

DELAY2: 

LD 

0,V2 

AISZ 

0,-1 

JMP 

.-1 

RTS 

VI: 

.WORD 

«*33 

V2: 

.WORD 

862 

;   DELAY  PARAMETERS 


3.3.3    Teletype  Get  Character  and   Echo  Routine 

This  routine  takes   8  bits  of  serial  data  from  the  teletype  transmitter,    packs  them 
into  ACO  with  the  bits  right-justified,   and  also  echoes  the  character  back  to  the 
teletype  receiver.      The  echo  operation  is  done  bit-by-bit  so  that  the  maximum  rate 
of  character  processing  can  be  achieved. 

3.4         TELETYPE  TIMING  PARAMETERS 

All  the  teletype  programs  described  in  this  chapter  utilize  software  delay  routines  to 
time  the  serial  transmission  of  teletype  data  bits.     These  routines  have  timing  parame- 
ters that  provide  l/2-bit  and  1-bit  delays  based  on  a  teletype  speed  of  110  bits/second. 
The  following  example  shows  how  the  parameter  VI  in  the  delay  routine  is  derived.    A 
similar  calculation  yields  V2. 


Time  for  AISZ  instruction 
Time  for  JMP  instruction 
1/2-bit  delay  time 

VI 


4  x  1.4  +  0.35  ms  =  5.95  us 
3  x  1.4  +  0.35  /us  =  4.55  ms 
4.545    ms 


4.  545  x  10 


-3 


(5.95  +  4.55)10 


-6 


=  433 
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PAGE    'TELETYPE  GET  CHARACTER  ROUTINE  WITH  ECHO' 


TTYAD 

= 

7*8 

READ 

a 

2 

SEND 

= 

3 

RDREN 

= 

k 

RESET 

= 

5 

GECHO: 

ST 

AC2,8                            ; 

ST 

AC1,7 

PFLG 

2 

LI 

AC3,TTYAD 

ROUT 

RESET                            ; 

LI 

AC2,8            ; 

ROUT 

RDREN           ; 

RIN 

READ 

BOC 

2, .  +  2                           ; 

JMP 

.-2 

LD 

AC0,V1 

JSR 

DFLAYO+1                     ; 

RIN 

READ            ; 

BOC 

2, .  +  2            ; 

JMP 

GECHO+3 

LP3: 

ROUT 

SEND            ; 

JSR 

DELAYO                          ; 

RIN 

READ 

AND 

AC0,MASK                    ; 

SHR 

AC1,1                            ; 

RXOR 

AC0,AC1                       ; 

AISZ 

AC2,-1                          ; 

JMP 

LP3 

ROUT 

SEND 

JSR 

DELAYO                          ; 

LI 

AC0,-1 

ROUT 

SEND                               ; 

SHR 

ACU8 

RCPY 

ACUACO                       ; 

LD 

ACU7 

LD 

AC2^8 

RTS 

SAVE    AC1    AND    AC2    IN 
LOCATIONS    7    AND    8 


RESET   TELETYPE 
SET  BIT  COUNT  TO  8 
ENABLE  READER 

TEST    FOR   START    BIT 


DELAY    1/2    BIT    TIME 

TEST  IF  START  BIT  IS  STILL  THERE 

BRANCH    IF    GOOD    START    BIT 

ECHO    BIT 

DELAY  ONE  BIT  TIME 

MASK  UNWANTED  BITS 
SHIFT    DATA 
ADD    NEW    BIT    TO    DATA 
TEST    TO    SEE    IF    DONE 

ECHO    LAST    BIT 

DELAY    INTO    FIRST    STOP    BIT 

SEND    STOP    BIT 

SHIFT    DATA    INTO    RIGHT    8    BITS 
PUT    CHARACTER    IN    ACO 
RESTORE  ACCUMULATORS 


MASK: 

.WORD 

X'8000 

VI: 

.WORD 

01B1 

V2: 

.WORD 

035E 

DELAYO: 

LD 

AC0,V2 

AISZ 

AC0,-1 

JMP 

.-1 

RTS 

;    DELAY    SUBROUTINE    (ACO) 
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TIMING 
CHART 


READY 
PICK  COMMAND 

PICK  (SOLENOID) 

BUSY 

DATA  LINES 

INDEX  MARKS 


MODEL 

A  (msec) 

B  (msec) 

C  (pisec) 

D  (Msec) 

E  (msec) 

M200 

24 

6.25 

1314 

2014 

8.05 

M300 

24 

2.60 

435 

870 

102.66. 

M600 

24 

2.60 

435 

870 

3.48 

-1 


U-TIME  VARIABLE 


A  k 


JT 


rJ^. 


l3l 


■*|M — 1  mSEC 


1 


Jl 


T*7mK^7/, 


////|/i 


/  /  /  / 
/ / / / 


data;;;;1 


L  _  i!"_  J 

AA 


l  l 

-80EA-7— S    l 


I 

"  ~BB  ~ 


<^80  EA-^ 


TT7T7-rr: 
/ / / /  '// ■ 


DETAIL  AA 


BUSY  J 
DATA  LINES 


DATA  COLUMN  1 DATA  COLUMN  2 

y//////////.    GUARANTEED     ''lJ""<<<<<^    GUARANTEED    >1_ 

— b 4^ c — -A 


BEGIN  CARD 
READ  CYCLE 


INDEX  MARKS 


SHADED  AREA  NOT  GUARANTEED 


SEC 


a 


SEC 


DETAIL  BB 

PICK 
(SOLENOID) 

BUSY 


DATA  COLUMN  80 
DATA  LINES  >   GUARANTEED  ~\ 

_n 


1     WSEC 


INDEX  MARKS 


END  CARD  READ  CYCLE 


NS00154 


Figure  4-1.      Standard  Interface  Timing  for  Documation  M  Card  Readers 
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CHAPTER  4 


CARD  READER  INTERFACE 


4.1 


GENERAL  INFORMATION 


Two  simple  program -controlled  card  reader  interfaces  are   described  in  this  chapter. 
The  DOCUMATION   600  (or  300)  card  reader  has  been  used  in  the  examples;    timing 
for  this   card  reader   is  shown  in  figure  4-1.      The  IMP-16C   processor  initiates   the 
operation  by  sending  out  a   "pick"  command  to  fetch  a  card.      After  the  card  has   been 
picked,    the  card  reader  sends  out  80  index  marks  that  signify  the  start  of  each 
column  of  data.      The  IMP-16C  program  detects  the  presence   of  these   marks  and 
reads  and  stores  each  column  of  data  into  an  80-word  buffer. 

There  are  two  ways  to  effect  this   operation:     one  method  that  uses  only  five   IC 
packages   makes  use  of  two    control  flags  and  no  device  address  decoding.      This 
approach  has  the  advantage  of  being  economical  and  simple   to  implement,    but  it  ties 
up  two  of  the  six  available  user  control   flags.      The   second  method  does   not  use  any 
flags  but  requires   more  hardware  to  achieve  the  same  purpose.      Each  of  these  two 
methods   is  described  in  the   following  paragraphs. 


4.2 


PROGRAM  CONTROLLED  INTERFACE   USING  CONTROL   FLAGS 


The   following  program  segment  shows  how  to  read  an   80-column  card  and  store  the 
data  into  a  buffer.      The   hardware  for  this   is   shown  in  figure  4-3.      For  this   method, 
no  peripheral  addresses  are   required;  as  a  matter  of  fact,    no  RIN  or  ROUT  instruc- 
tions are   required  for  anything  other  than  actual  input  of  data.      All  other  control 
operations  are  effected  with  the  SFLG  and   PFLG  instructions. 


The   circuits   shown  in  figure  4-3  are  used  with  the  control  panel  of  chapter   2.      When 
used  in  this  mode,    the   switches  from   the  control  panel  are  wired  into  the  SW   inputs  of 
the  DM8123  multiplexers   (as  shown  in  figure  4-3)  instead  of  directly  to  the  SW  lines 
of  the   IMP-16C   card.      Flag  14   (under  program  control  in  the  RDCARD  routine)   selects 
either  the  switches   or  the   card-reader  for  data  input  to  the  IMP-16C.    The  block  dia- 
gram below  shows  the  arrangement  of  this   interface  and  a  control  panel  with  the  IMP-16C. 


BDO 

IMP-16C 

CONTROL  PANEL 
(IMP-00H/882) 

-^ 

SW 

DATA 

SW 

*  SW 

CARD  READER 
INTERFACE 
(Figure  4-3) 

DATA 

CONTROL 

F13,F14 

CARD  READER 
(Documation) 

PICK 

1                  L« 

^^ 

Figure  4-2.     IMP-16C  and  Control  Panel  Interface,   Block  Diagram 
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OOCUMATION 
CARD 

READER 


sw 

-►         11 


2         5        14        11 


OM8123 


1B  1 


1  15 


0Q0 


V 


Figure  4-3.      Card  Reader  Interface,    Flag-Controlled 
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BITO  = 

3 

BIT1  = 

k 

PICK  = 

5 

READCARD  =  6 

BUFFER 

=256-8 

RDCARD: 

PUSH 

2 

$2: 

LD 

3, ABUF 

LI 

2,80 

SFLG 

PICK 

$0: 

SFLG 
RIN 

READCARD 

BOC 

BIT0,$1 

SKAZ 

o,$c 

JMP 

INERR 

BOC 

BIT1,$0 

INERR: 

RCPY 

R0,R1 

PFLG 

PICK 

LI 

R0,1 

HALT 

JMP 

$2 

$C: 

.WORD 

OC 

$1: 

PFLG 

PICK 

PFLG 

READCARD 

SHR 

o,u 

ST 

0,(3) 

AISZ 

3,1 

AISZ 

2,-1 

JMP 

$0 

PULL 

2 

ABUF: 

.WORD 

BUFFER 

LOAD  ADDRESS  OF  BUFFER. 

SET  COLUMN  COUNT. 

ENABLE  PICK  FUG. 

ENABLE  DATA  INPUT  BUFFERS. 

GET  DATA. 

TEST  INDEX  MARK. 

TEST  HOPPER  AND 

MOTION  CHECK. 

TEST  READY. 


START  COLUMN  DATA  PROCESSING, 
DISABLE  PICK  AND  INDEX  FF. 
STRIP  STATUS  BITS. 
SAVE  CHARACTER  IN  BUFFER. 
INCREMENT  BUFFER  ADDRESS. 
DECREMENT  COLUMN  COUNT. 
JUMP  TO  READ  NEXT  COLUMN 

;  ADDRESS  OF  BUFFER  HERE. 


4.3 


PROGRAM  CONTROLLED  INTERFACE   USING  DEVICE   ADDRESSES 


This  approach  is  a  more -conventional  approach  to  I/O  interfacing  because  it  makes 
use  of  decoded  device  addresses  provided  by  RIN  and  ROUT  instructions.      The  num- 
ber of  ICs  required  increases   slightly. 

The  program  listing  below  describes  a   read  card  routine   that  works  with  this   inter- 
face.     The  hardware   is   shown  in  figure  4-4. 

Note  that  this  interface  does  not  depend  on  the  use  of  the  simple  control  panel  because 
a  unique  device  address  has  been  assigned  to  the  card  reader.      All  peripheral  de- 
vices  (including  any  type  of  control  panel)  would  communicate  with  the  IMP-16C  card 
via  a  tri -state  input  bus  connected  to  the  SW  lines.      In  order  words,    only  one  device 
at  a  time  controls  the  input  bus  as  selected  by  the  appropriate  device  address.      The 
control  panel  (switches  and  lights)  would   have  its  own  device  address. 
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SSTRT: 


.PAGE  'READCARD  ROUT 

CRADR  =  02*8 

PICK  =  2 

RESET  =  3 

READ  =  1 

RDCARD:  PUSH  2 

PUSH  1 

LD  2,  ABUF 

LI  3,CRADR 

LI  1,80 

ROUT  PICK 

RIM  READ 

BOC  BIT1,. +2 

JMP  .-2 

BOC  B I  TO, COL 

SKAZ  0,$C 

JMP  MOTERR 

JMP  $STRT 

ROUT  RESET 

SHR  0,4 

ST  0,(2) 

ADD  2,$ONE 

AISZ  1,-1 

JMP  $STRT 

PULL  1 

PULL  2 

RTS 

$C:     .WORD  0C 

MOTERR:  RCPY  0,1 

ROUT  RESET 

LI  0,1 

HALT 

ABUF:   .WORD  0 

$one:    .word  i 


INE1 


COL: 


CARD  READER  ADDRESS 
PICK  COMMAND  ORDER  CODE. 
RESET  PICK  FLIP-FLOP. 
READ  DATA 


;  LOAD  CARD  READER  ADDRESS. 

;  GET  CARD 

;  GET  DATA 

;  LOOP  UNTIL  READY. 

;  TEST  FOR  INDEX  MARK. 

;  TEST  FOR  HOPPER/MOTION  CHECK. 


STRIP  STATUS  BITS. 
SAVE  DATA  IN  BUFFER 
INCREMENT  BUFFER  ADDRESS 
DECREMENT  COLUMN  COUNT 


ADDRESS  OF  BUFFER  HERE. 
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DOCUMA1ION 
CARD  HEADER 


INDEX 
MAHK 


CLH 

—a— 


1?  DATA  LINES 


8093 

> C(e  • 


> C 


7400      r>- 


-Oe 


R09,J 


.. Of 


1?  DATA  LINES 


ADX  00 
AOX  01 
ADX  02 
ADX  03 
ADX  04 
ADX  0b 
ADX  06 
ADX  0/ 
ADX  OR 
ADX  09 
ADX  10 


CLK  81 
INIT* 


Figure  4-4.      Card  Reader  Interface,    Device  Address-Controlled 
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CHAPTER  5 


LOADER  ROUTINES 


5.  1 


GENERAL  INFORMATION 


The   IMP-16      Assembler  creates  load   modules   (tapes   or  cards)  from  source  programs 
written  in  assembly  language.      These   load  modules   (called  RLMs)  contain  the   object 
code  for  the   program  to  be  executed,    relocation  information,    and  other  loading  infor- 
mation,   arranged   in  four  kinds   of  records:     a  "title"  record,    one  or  more   "symbol" 
records,    one   or   more   "data"   records,    and  an   "end"  record.      Specific  details   of  the 
various  record  formats  are  given  in  the  IMP-16      Assembler   Manual  (4200002). 

The  loader  programs  described  in  the  following  paragraphs  may  be  used  with  the 
routines  and  programs  presented  in  chapters  3  and  4. 

5.2         ABSOLUTE    LOADER   (ABSLDR) 

The  following  loader  program  takes  an  absolute  paper  tape  (in  RLM  format)  and 
loads   it  into  memory  from  a  starting  address  defined  on  the  tape.      After  loading  the 
program,    the  IMP-16C  halts  and  the  program  entry  address  is  displayed.      If  EXECUTE 
is  pressed,    the  processor  jumps  to  the  loaded  program  and  begins  execution. 


This   loader  program  may  be  used  with  any  of  the  TTY  routines  described  in  chap- 
ter 3.      That  is,    either  GETC   or   RECV  and  PUTC  or  SEND  may  be  used.      The  list- 
ings  shown  here  call  SEND  and  RECV,    but  the  JSR  calls   may  be  changed  appropri- 
ately to  call  PUTC  and  GETC   respectively. 

'TTYLDR  FROM  RLM  TAPES' 

;    LOOK  FOR  STX  CHARACTER. 

;   START  PROCESSING  RECORD  CONTROL    INFO 
;    IF  BIT15=1  GO  TO  TITLE,   SYMBL  PRCSSING 

;    IF  BIT1U=0  GO  TO  DATA  RECORD. 


.PAGE 

'TTYLDR 

ABSLDR:  JSR 

RECV 

AISZ 

0,-2 

JMP 

ABSLDR 

JSR 

RDPACK2 

BOC 

C 2, TORS 

SHL 

0,1 

BOC 

C2, .+2 

JMP 

ENDREC 

DATREC:  SHR 

0,1 

RCPY 

0,3 

JSR 

RDPACK2 

RCPY 

0,1 

PUSH 

0 

CAI 

1,1 

JSR 

RDCHK 

JSR 

RDCHK 

RCPY 

0,2 

JSR 

RDCHK 

JSR 

RDCHK 

RADD 

2,3 

CAI 

3,1+lt 

SAVE  CHECKSUM  WORD. 


(listing  continued) 
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LOAD: 

JSR 

RDCHK 

ST 

0,(2) 

ADD 

2,$ONE 

RCPY 

2,0 

RADD 

3,0 

BOC 

C 2, CKTEST 

JMP 

LOAD 

RDCHK: 

JSR 

RDPACK2 

RADD 

0,1 

RTS 

CKTEST: 

PULL 

0 

BOC 

C1,ABSLDR 

RCPY 

1,0 

BOC 

C1,ARSLDR 

LI 

0,X'33 

HALT 

TORS: 

AND 

0,H3FFF 

RCPY 

0,1 

JSR 

RDPACK2 

AISZ 

1,-1 

JMP 

.-2 

JSR 

RDPACK2 

JMP 

ABSLDR 

ENDREC: 

JSR 

RDPACK2 

JSR 

RDPACK2 

JSR 

RDPACK2 

HALT 

RDPACK2 

:JSR 

RECV 

PUSH 

1 

SHL 

0,8 

PUSH 

0 

JSR 

RECV 

PULL 

1 

RXOR 

1,0 

PULL 

1 

RTS 

;    INCREMENT  ADDRESS, 


;    CHECKSUM  TEST 


;   CHECKSUM  ERROR. 


;   READS  AND  PACKS  TV/O  CHAR   IN  ACO, 


5.3    PAPER  TAPE  BOOTSTRAP  LOADER  (PTBOOT) 

For  programs  of  short  length,   it  is  sometimes  desirable  to  load  directly  into  memory 
without  going  through  an  assembly.     For  such  cases,  the  following  program  serves  the 
purpose  of  loading  hexadecimal  information  directly  from  paper  tape.    The  loader  format 
is  laid  out  such  that  the  first  4  hexadecimal  characters  (that  is,  4  rows  of  8-bit  ASCII 
coded  characters)  from  the  paper  tape  are  interpreted  as  the  starting  address.  All  subse- 
quent blocks  of  4  characters  each  are  interpreted  as  data  and  packed  into  16-bit  words. 
The  last  recognizable  character  on  the  tape  should  be  "!".    All  data  characters  are 
arranged  so  that  the  most  significant  bits  appear  first.     The  PTBOOT  program  reads  the 
tape  and  returns  control  to  the  panel  routine.    This  assumes  that  this  program  is  used 
with  the  control  panel  routine  described  in  chapter  2.     PTBOOT  calls  the  teletype  RECV 
routine  described  in  3.  2.  2. 
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PTBOOT   PROGRAM 


L00P1 : 

LI  l,k 

JSR  PTBOOT 

RCPY  2,3; 

L00P2: 

LI  l,k; 

JSR  PTBOOT 

ST  2,(3); 

ADD  3, ONE; 

JMP  LOOP2 

LI  0,X'77; 

HALT; 

PTBOOT: 

JSR  RECV; 

PACK: 

AND  0,MSKPAR; 

SKNE  0, EXCLAM; 

JMP  $OUT 

SKNE  0, CRETRN; 

JMP  PTBOOT 

SKNE  0, LINEFD; 

JMP  PTBOOT 

SKAZ  0, NUMBER; 

JMP  NUM 

SKAZ  0, ALPHA; 

JMP  ALFA 

LI  0,3; 

JMP  0; 

ALFA: 

ADD  0,NINE; 

NUM: 

AND  0,MSK1 

SHL  2,k 

RXOR  0,2 

AISZ  1,-1 

JMP  PTBOOT 

RTS 

$0UT: 

PULL  1 

PULL  1 

HALT 

NINE: 

.WORD  0 

MS K PAR: 

.WORD  07F 

MSK1 : 

.WORD  OF 

NUMBER: 

.WORD  030 

ALPHA: 

.WORD  0U0 

CRETRN: 

.WORD  OD 

LINEFD: 

.WORD  OA 

EXCLAM: 

.WORD  021 

RECV1: 

.WORD  RECV 

READ  FIRST  k  WORDS;   THIS    IS  THE 
STARTING  ADDRESS. 


READ  AND  STORE  k  HEX  WORDS, 
INCREMENT  MEMORY  ADDRESS. 

ERROR  CODE  X'77 
ATTEMPTED  TO  LOAD  LOC  0. 
GET  ONE  WORD. 
MASK  OUT  PARITY  BIT. 


IGNORE     CARRIAGE  RETURN. 
IGNORE   LINEFEED. 


ERROR  CODE:    INVALID  CHARACTER. 


5.4         CARD   READER   LOADER   (CRLM) 

This  loader  program  takes  an  absolute  RLM  in  card  format  and  loads  it  into  memory. 
It  uses   80  words  of  memory  as  a  temporary  buffer.      For  the  example  program  given 
here,    locations   176    to     255  in  base  page  are  used  for  the  buffer.      The  object  deck  to 
be  loaded  must  be  followed  by  a    !G  card.      This  loader  routine  calls  a  RDCARD  sub- 
routine,   which  may  be  any  one  of  the  two  described  in  chapter  4. 
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THIS  IS  AN  ABSOLUTE  LOADER  FOR  THE  IMP-16C/P  SYSTEM 

(  BASE  PAGE  VERSION  ). 

THIS  PROGRAM  READS  ONE  RLM  FROM  THE  CARD  READER  AND 
LOADS  IT  INTO  MEMORY.  THE  RLM  MUST  HAVE  BEEN  PUNCHED 
INTO  CARD  COLUMNS  1-72,  AND  CAN  CONTAIN  PUNCH  CODES 
ONLY  FOR  THE  CHARACTERS  0,1,  . .  .,9,A,B,..  .,F,  OR  BLANK. 
BLANKS  WILL  BE  TREATED  AS  0. 

THE  RLM  MUST  BE  IN  STANDARD  RLM  FORMAT.  THE  TITLE  CARD 
AND  SYMBOL  CARDS  ARE  IGNORED.  DATA  FROM  DATA  CARDS  IS 
MOVED  TO  THE  SPECIFIED  LOAD  LOCATIONS  WITHOUT  ANY 
RELOCATION  PERFORMED..  THE  END  CARD  MUST  CONTAIN  AN 
ENTRY  POINT  ADDRESS  (SEE  ERROR  CODE  5,  BELOW)  AND  IS 
LAST  CARD  READ  BY  ABSCR. 

A  CHECKSUM  TEST  IS  PERFORMED  ON  ALL  INPUT  CARDS.   (SEE 
ERROR  CODE  3,  BELOW.) 

BUFFER  AREA  IN  BASE  PAGE,  LOCS.  256-80. 


ACTION 


ERROR 

MEANING 

1 
2 

I/O  ERROR 
INV.  CHARACTER 

3 

CHECKSUM  ERROR 

5 

INV.  ENTRY  POINT 

REPLACE  CARD  IN  READER  AND  PUSH  START 
CORRECT  CARD,  REPLACE  IN  READER,  AND 

PUSH  START.   (ONLY  CODES  0,...,F 

AND  BLANK  ARE  ALLOWED.) 
CORRECT  CARD,  REPLACE  IN  READER,  AND 

PUSH  START. 
SET  CORRECT  ENTRY  POINT  INTO  REG.  1 

AND  PUSH  START. 


ALL  ERROR  CODES  ARE  LOADED  INTO  REG.  0  BEFORE  HALTING. 


.PAGE   'ABSCR  ROUTINE  -  IMP-16C 

RO  =  0 

Rl  =  1 

R2  =  2 

R3  =  3 

BITO  =  3 

BIT1  =  k 

NZERO=  5 
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INLOOP:  JSR  RDCARD; 
JSR  CNVRT; 
LD  3,ABUF; 
LD  0,(3) 
AND  0,MASK3 
RCPY  0,2 
LI  1,0; 
SKNE  1,1(3); 
JMP  VALID 

CKSUML:  ADD  1,2(3) 
AISZ  3,1; 
AISZ  2,-1; 
JMP  CKSUML 
LD  3,ABUF 
SKNE  1,1(3); 
JMP  VALID 

ERR3:   LI  0,3; 
HALT 
JMP  INLOOP 

VALID:  LD  2,(3) 
SHR  2,14; 
ADD  2,JTBL 
JMP  0(2); 


READ  ONE  CARD. 
PACK  DATA. 


SLM=0 

IF  CHECKSUM  =  0,  DATA  VALID, 


INCREMENT  ADDRESS 

COMPARE  SUM&CKSUM. 

ERROR  CODE  3;  CHECKSUM  ERROR 


ISOLATE  CODE  FOR  RECORD  TYPE. 
AC2  <-  CODE  +  JUMP  TABLE  ADDRESS, 
JUMP  TO  PROCESS  RECORD  TYPE. 


TITLE:  JMP  INLOOP; 


IGNORE  TITLE  CARD. 


SYMBOL:  JMP  INLOOP; 


IGNORE  SYMBOL  CARD. 


END:    LD  1,3(3); 
ST  1,8; 
JMP  INLOOP 


SAVE  PROGRAM  ENTRY  POINT 
LOCATION  8  HAS  ENTRY  POINT 


(listing  continued) 
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EBUF: 

BUFFER 

ATBL 

ETBL 

JTBL 

JUMPTBL 

DATA: 


DLOOP: 


.WORD 

=  256 
.WORD 
.WORD 
.WORD 
:.W0RD 
LD 

AISZ 
AISZ 
LD 
ST 

AISZ 
AISZ 
AISZ 
JMP 
JMP 


EUFFER+72; 

80 

T3L; 

TBL+15; 

JUMPTBL; 

TITLE,SYMBOL, DATA, END; 


R2/3(R3); 
R0#-ii; 

R3/6; 

R1,0(R3); 

R1/0(R2); 

R3,l; 

R2,l; 

R0,-1; 

DLOOP; 

INLOOP; 


A  <—  INITIAL  LOAD  ADDRESS 
L  <—  L  -  k 
P  <—  P  +  6 


(SKIP  OVER  RELOC. 
(SKIP  OVER  RELOC. 


INFO) 
INFO) 


WORD  (A)  <—  WORD(P) 

P  <—  P  +  1 

A  <--  A  +  1 

L  <—  L  -  1,  SKIP  IF 

LOOP  FOR  NEXT  WORD 

IDOP  FOR  NEXT  CARD 


DONE 


.PAGE   'HOLLERITH 

ENTRY  =  8; 
CNVRT:  LD  3,ABUF; 

RCPY  3,2 

LD  1,(3) 

SKNE  1,EXCLAM; 

JMP  .+2 

JMP  LOOP1 

LD  1,1(3) 

SKNE  1,G 

JMP  .+2 

JMP  LOOP1 

PULL  0; 

LD  2, ENTRY 

SKG  2, ZERO; 

JMP  ERROR5; 
$EX:     LI  3,1; 

JMP  (2); 
ERRORS:  LI  0,5; 
ZERO:   HALT 

RCPY  1,2; 

JMP  $EX; 


TO  BINARY*CONVERSION' 

ENTRY  POINT  IN  LOCATION  8. 
FETCH  BUFFER  ADDRESS. 


IF  M!G"  CARD,  GO  TO  ENTRY  POINT 


EXIT  FROM  SUBROUTINE;  POP  STACK 

IF  ENTRY  POINT  >0,  SKIP 

ELSE  ERROR  CODE  5. 

IDENTIFY  LOAD  DEVICE  AS  CARD  READER 

JUMP  TO  LOADED  PROGRAM 

ERROR  5:  INVALID  ENTRY  POINT. 

HALT  AND  THEN 

JUMP  TO  LOADED  PROGRAM. 


LOOP1: 


LOOP2: 


ERR2: 


LI  0,-k 
LD  1,(3) 
ST  3,7; 
LD  3, ATBL 
SKNE  1,(3) 
JMP  STEP 2 
ADD  3,TBL+9; 
SKG  3, ETBL; 
JMP  LOOP2 
SKNE  l,ZERO; 
JMP  BLANK 
LI  0,2; 
HALT; 
PULL  0; 
JMP  INLOOP 


SAVE  CURRENT  BUFFER  LOCATION 


INCREMENT  ADDRESS 
SKIP  IF  END  OF  TABLE 

IF  NOT  BLANK  THEN  SKIP, 

INVALID  CHARACTER. 
HALT  AND  THEN 
REREAD  CARD. 
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BLANK:   LD  3,AT3L 
STEP2:  SUB  3,ATBL 

LD  1,9 

SHL  l,k 

RXOR  3,1; 

ST  1,9; 

LD  3,7; 

ADD  3,TBL+9; 

AISZ  0,1; 

JMP  LOOP1+1 

ST  1,(2); 

ADD  2,TBL+9 

SK.NE  3,EBUF 

PTS 

JMP  LOOP1 


MERGE  h   BITS  AT  A  TIME. 

SAVE  PARTIALLY  PACKED  WORD. 

GET  BUFFER  LOCATION 

INCREMENT  BUFFER  LOCATION 

CHECK  TO  SEE  IF  U  WORDS  COLLECTED. 

STORE  PACKED  WORD 


MASK1 
MASK3 
THREE 


G: 

TBL: 

MASK2: 


.WORD 
.WORD 
.WORD 


EXCLAM:  .WORD 


.WORD 
.WORD 
.WORD 
.WORD 

.WORD 
.END 


TRANSMISSION  ERROR  OR  DATA  OVERRUN. 
ALL  BITS  BUT  RECORD  TYPE. 


X'CO 

X'3FFF 

3 

X't*82 

X'804 

0200, 0100, 0080, 00U0, 0020, 0010 

0008  ;  HOLLERITH  6  ALSO  ERROR  CODE  FOR  CR  BUSY. 

0004,0002,0001 

0900, 0880, OSUO, 0820, 0810, 0808 

IN LOOP 
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CHAPTER   6 


APPLICATION  PROGRAMS 


6.1 


GENERAL  INFORMATION 


This  chapter  presents  two  application  programs  that  can  be  used  to  obtain  memory 
dumps  onto  paper  tapes  as  described  in  the  following  paragraphs. 

6.2         PROM  TAPE   GENERATOR 

This  program  takes  the  contents  of  a  specified  range  of  memory  locations  and  dumps 
them  on  to  paper  tape  in  binary  8-channel  format  suitable  for  programming  ROMs   on 
the  DATA  I/O  PROM  programmer.      The  first  tape  generated  contains  the  left  byte  of 
the   16-bit  word  and  the  second  tape  contains  the  right  byte.      This  routine  calls  the 
SEND  routine  of  the  teletype  utilities  package.      Before  executing  the  program,    AC 2 
should  contain  the  starting  address  of  the  range  and  AC3  the  final  address.      The 
DATA  I/O  machine  has  negative  logic,    so  the  data  bits  are  complemented  before 
being  punched. 


PROM  TAPE   PROGRAM 


NK:   LI 

1,20 

LI 

o,-i 

JSR'B 

SEND1 

AISZ 

1,-1 

JMP 

.-2 

RTS 

JSR 

BLNK 

PUSH 

2 

LD 

1, PROM 

OM:   LD 

0,(2) 

CAI 

0,0 

SKNE 

1, PROM 

SHR 

0,8 

JSRQ 

SEND1 

RCPY 

3,0 

RXOR 

2,0 

BOC 

l,.+3 

AISZ 

2,1 

JMP 

PROM 

HALT 

JSR 

BLNK 

PULL 

2 

JMP 

PROM 

ND1:   .WORD 

0FF53 

;    ROUTINE  TO   PROVIDE 
;    LEADING  BLANKS 


;  SAVE  STARTING  ADDRESS 

;  DUMMY  WORD  FOR  COMPARISON 

;  INVERT  BITS   FOR  DATA   I/O 

;  MACHINE 

;  SKIP  FOR  RIGHT  SIDE 

;  RIGHT  JUSTIFY  MS BYTE 

;  CHECK  TO  SEE    IF  DONE 

;  IF  DONE  GO  TO  HALT 

;  INCREMENT  ADDRESS 

;  AWAIT  "EXECUTE"  FOR 

;  RIGHT  SIDE 

;  RESTORE  ADDRESS 

;  GENERATE  RIGHT  SIDE  TAPE 

;  ADDRESS  OF  SEND  ROUTINE    IN  CUTIL 
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6.3    PAPER  TAPE  PUNCH  PROGRAM 

This  program   generates  an  absolute  paper  tape  from  the  contents  of  a  specified  range 
in  memory.      The  first  four  characters   on  the  tape  are  the  ASCII  equivalent  of  the 
four  hexadecimal  numbers  that  specify  the   starting  address.      The  last  character  is 
an  exclamation  mark;  this   serves  as  a  termination  indicator.      The  listing  for  this 
program  is   given  in  appendix  A. 
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CHAPTER  7 


INTERRUPT   HANDLING 


7.  1 


GENERAL  INFORMATION 


In  the  IMP-16C,    there  are  two  processor  interrupt  request  lines;  one  of  these  is 
reserved  for  stack  overflow  interrupts.      All  external  peripheral  devices  are  wired  to 
the  main  interrupt  request  line   (INTRA).      If  any  device  generates  an  interrupt  request, 
the  line  goes  high  and  interrupts  the  processor  if  the  master  interrupt  enable  (INT EN) 
is  set  for  the  processor. 


7.2 


INTERRUPT   RESPONSE 


Response  to  a  processor  interrupt  occurs  at  the  end  of  the  instruction  executing  at 
the  time  the  interrupt  occurs.      The  interrupt  causes  the  processor  to  save  the  current 
state  of  the  program  counter   (PC)  on  the  top  of  the  stack  and  to  set  the  new  contents 
of  the   PC  equal  to  1.      The  interrupt  enable  flag  (INTEN)  is  then  turned  off,    and  the 
processor  executes  the  instruction  in  memory  location  1,    which  is  the  start  of  the 
interrupt  service  routine.      The  interrupt  service  routine  may  determine  the  presence 
of  a  stack  overflow  interrupt  by  use  of  the  BOC   instruction.      The  instruction  in  loca- 
tion 1  may  also  be  a  jump  to  an  interrupt  routine  located  elsewhere. 

Available  at  the  card-edge  connector  of  the  IMP-16C  are  two  status  flags   (Flag  0  and 
Flag  12);  these  status  flags   may  be  used  in  multi-level  interrupt  schemes.      These 
flags  would  then  serve  as  interrupt  enable  signals  for  each  level  of  a  two-level  sys- 
tem.     Figure  7-1  shows  the  external  circuits   required  for  this  function. 


EXTERNAL  LOGIC 


IMP-16C 


C^ 


TO  INT  FLIP-FLOP 


FLAG  12 


Figure  7-1.      Interrupt  Response   External  Circuits 
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7.3         INTERRUPT   GENERATION  AND   PROCESSING 

The  following  discussion  pertains  to  a  two-ievel  interrupt  system,    but  all  the  opera- 
tions apply  to  single -level  interrupts  as  well. 

7.3.1    General  Interrupt 

Interrupt  requests  on  levels   1  and  2  require  that  the  interrupt  service  routine  deter- 
mine the  address  of  the  interrupting  device.      This  can  be  done  conveniently  using  the 
"Interrupt  Select  Status"  order  as  described  below. 

A  peripheral  controller  requiring  interrupt  servicing  by  the  processor  sets  its  inter- 
rupt request  flag,    thus  causing  a  true  signal  on  the  interrupt  request  line  if  the  per- 
ipheral's interrupt  enable  flag  is  set  true.      The  interrupt  request  line  is  common  to 
all  peripheral  controllers  on  a  given  level  and  only  requires  that  one  peripheral  de- 
vice be  requesting  service  in  order  to  set  the  line  to  the  true  state.      The  main  pro- 
gram,   when  ready,    sets  the  processor  INT  EN  flip-flop,    thus  indicating  that  the  pro- 
cessor may  perform  an  interrupt  service.      If  both  the  processor  INTEN  and  the 
interrupt  enable  for  the  given  level  are  enabled  at  the  same  time,    the  processor 
transfers  program  control  to  the  interrupt  service  routine. 

When  the  processor  responds  to  an  interrupt  request,    it  goes  through  the  following 
procedure  in  order  to  transfer  program  control  to  the  interrupt  service  routine: 

1.  Transfers  the  contents  of  the   Program  Counter  (PC)  to  the  top 
of  the  stack. 

2.  Places  the  address   of  memory  location   1   into  the   PC. 

3.  Disables   (clears)  the  processor  INTEN  flag  to  prevent  further 
interrupt. 

4.  Fetches  the  next  instruction  from  memory  location  1,    thus  , 
initiating  the  interrupt  service  routine. 

When  an  interrupt  occurs,    the  interrupt  service  routine  directs  the  processor  to 
determine  the  devices  requiring  service  and  to  select  one  peripheral  device.      This 
may  be  accomplished  as  follows: 

1.  An  "interrupt  select  status"  order  is  sent  out  to  all  peripheral 
controllers.  The  order  field  of  the  command  word  is  the  only 
field  recognized  by  the  peripheral  controllers,  and  the  address 
field  is  ignored.  Upon  receipt  of  the  "interrupt  select  status" 
order,  the  INT  REQ  flags  at  the  peripheral  devices  are  cleared 
in  most  cases. 
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2.  Each  peripheral  device  is  assigned  one  of  the   16  system  bus 
lines  to  report  its  interrupt  status.      Each  peripheral  device 
responds  simultaneously  with  other  peripheral  devices,    indi- 
cating whether  or  not  it  requires  interrupt  servicing.      A 
binary  1  indicates  a  service  request.      Typical  interrupt 
assignments  are  shown  in  table  7-1. 

3.  The  interrupt  service  routine  resolves  interrupt  priority  and 
selects  the  peripheral  device  for  interrupt  servicing. 

NOTE 

Although  there  are  only  16  system  bus  lines 
that  are  used  for  reporting  interrupt  status, 
by  use  of  two  "interrupt  select  status"  orders, 
1  and  2,   the  status  of  32  peripheral  devices 
may  be  determined,    one  group  of  16  peripheral 
devices  responding  to  "interrupt  select  status   1" 
and  another  group  to   "interrupt  select  status  2." 
This  concept  can  be  extended  to  more  than  two 
levels  of  interrupt  select  status  orders  if  neces- 
sary. 

After  a  peripheral  device  obtains  interrupt  access,    the  applicable  RIN  or  ROUT  com- 
mand then  effects  the  transfer  of  data  between  the  processor  and  the  peripheral  con- 
troller.     Upon  completion  of  the  interrupt  operations,    program  control  is  transferred 
back  to  the  main  program  by  use  of  the  RTI  instruction.      The  RTI    instruction  causes 
the  program  counter  to  be  loaded  by  adding  the  top  word  of  the  stack  to  the  CTL  field 
of  the  instruction.      The  INT  EN  flip-flop  is  then  enabled. 

Table  7-1.      Typical  Interrupt  Select  Status   1   Bit  Assignments 

Bit  Assigned  Peripheral 


0 

Unassigned 

1 

Parallel  Teletype 

2 

Card  Reader 

3 

Disc 

4 

Communications 

5 

Interval  Timer 

6 

Unassigned 

7 

Serial  Teletype 

8 

Modem 

9 

Unassigned 

10 

Unassigned 

(table  continued) 


155 


SUPPLEMENT  1 

Table  7-1.      Typical  Interrupt  Select  Status   1  Bit  Assignment  (Cont. ) 
Bit  Assigned  Peripheral 


11 

Unassigned 

12 

Unassigned 

13 

Unassigned 

14 

Unassigned 

15 

Unassigned 

7.3.2    Stack  Overflow  Interrupt 

If  the  processor  stack  becomes  full,    a  stack  overflow  interrupt  is  set.      If  the  INTEN 
flag  is  set,    then  the  processor  is  interrupted.      The  interrupt  service  routine  may 
then  test  jump  condition  8  to  determine  that  the  interrupt  was  caused  by  a  stack 
overflow. 

In  most  applications,    the  software  may  be  written  in  a  manner  that  will  guarantee 
that  a  stack  overflow  will  not  occur.      However,    even  in  such  cases,    it  is  possible 
in  the   system  programming  development  that  a  stack  overflow  may  accidentally  occur. 
Because  the  interrupt  process  itself  utilizes  the  stack,    some  words  of  the  stack  may 
be  lost  in  the  overflow  interrupting  sequence. 

The  systems  programmer  must  take  some  precautions  to  guarantee  that  a  stack  over- 
flow error  does  not  go  undetected  and  that  data  on  the  stack  are  not  lost.      The  pro- 
grammer must  not  push  words  of  all  zeros  onto  the  stack  as  data;  two  protection 
words  of  all  ones  should  be  kept  at  the  bottom  of  the  stack.      These  are  relatively 
minor  restrictions  since,    in  most  applications,    use  of  the  stack  is  reserved  for  sub- 
routine return  addresses,    interrupt  return  addresses,    and  for  saving  the  RALU  flags 
while  servicing  interrupts. 

7.4         SAMPLE   PROGRAM   FOR  INTERRUPT   PROCESSING 

Consider  the  case  of  four  peripheral  devices  connected  to  the  IMP-16C  in  a  priority 
scheme  such  that  when  an  interrupt  occurs  the  interrupting  device  sends  over  the 
bus  a  data  word  whose  value  identifies  the  device.      The  following  program  segment 
is  a  service  routine  that  determines  the  identity  of  the  device  and  sends  control  to  a 
device  routine.      After  the  device   has  been  serviced,    the  interrupt  routine  returns 
control  to  the  main  program. 

The  four  devices  for  this  example  are  a  keyboard,    an  assemblage  of  digital  integra- 
tors,   a  display  unit,    and  a  printer  unit  —  arranged  such  that  the  keyboard  assumes 
the  highest  priority.      The  keyboard  indicates   its  status  by  sending  a  high  level  on 
data  bit  0  of  the  bus;  the  digital  integrators  use  bit  1,    the  display  uses  bit  2,    and 
the  printer  uses  bit  3.      The  values  returned  are,    therefore,    1,    2,    4,    and  8.      The 
order  code  for  reading  status  has  been  chosen  arbitrarily  as  2. 
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In  this  example,    the  IMP-16C  is  the  host  processor  that  monitors  the  operation  of 
the  peripheral  system  components.      The  digital  integrators  operate  independently,    re- 
quiring processor  intervention  only  to  exchange  data,    initializing  information,    and 
setting  up  other  parameters.      The  display  unit  provides  a  continuous  visual  display 
of  the  operation  of  the  integrators,    and  the  printer  provides  hard  copy  when  necessary. 


INTRAD 

=  X'UO 

STATUS 

=  2 

1X2 

=  2 

ACO 

=  0 

IDTABL:  .WORD. 

;  ADDRESS  OF  SELF. 

.WORD 

KEYBD         \ 

;  ADDRESS  OF  KEYBOARD  ROUTINE. 

.WORD 

DIGINT 

;  ADDRESS  OF  INTEGRATORS  ROUTINE 

•  WORD 

BAD  INT 

;  ILLEGAL  INTERRUPT  ADDRESS. 

.WORD 

DISPLA 

;  ADDRESS  OF  DISPLAY  ROUTINE. 

.WORD 

BAD  INT 

;  ILLEGAL  INTERRUPT  ADDRESS. 

.WORD 

BAD  INT 

;  ILLEGAL  INTERRUPT  ADDRESS. 

.WORD 

BAD  INT 

:  ILLEGAL  INTERRUPT  ADDRESS. 

.WORD 

PRINTR 

:  ADDRESS  OF  PRINTER  ROUTINE. 

;      INTERRUPT  SERVICE  ROUT IN! 

I  BEGINS  HERE 

INTSERV:  PUSHF 

JSR  SAVE1 

LI  3, INTRAD 

RIN  STATUS 


RCPY 
ADD 
JSR@ 
JSR 

PULLF 
RTI 
RST0R1:  LD 
LD 
LD 
LD 
RTS 
SAVE1:  ST 
ST 
ST 
ST 
RTS 
SVRO:   .WORD 
SVR1:   .WORD 
SVR2:   .WORD 
SVR3:   .WORD 


ACO,  1X2 
1X2, IDTABL 
(1X2) 

RSTOR1 


0 

0, SVRO 

1,SVR1 

2,SVR2 

3,SVR3 

0 

0,SVR0 

1,SVR1 

2,SVR2 

3,SVR3 

0 

0 

0 

0 

0 


;  SAVE  STATUS  FLAGS. 

;  SAVE  ACCUMULATORS  IN  RAM. 

;  DETERMINE  INTERRUPTING  DEVICE 
BY  READING  THE  INPUT  BUS 
FOR  DEVICE  STATUS  BITS. 

ESTABLISH  INDEX  VALUE. 

MAKE  A  LOCAL  ADDRESS. 

JUMP  TO  DEVICE  SERVICE  ROUTINE. 

RETURN  HERE  AFTER  SERVICING 

DEVICE  AND  RESTORE  ACCUMULATORS, 

RESTORE  STATUS  FLAGS. 

RETURN  TO  INTERRUPTED  PROGRAM. 


STORAGE  LOCATIONS  FOR 
ACCUMULATORS. 


(listing  continued) 
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KEYBD: 

DIGINT: 
DISPLA: 
PRINTR: 
BAD  I  NT: 


;  SERVICE  ROUTINES  FOR 
;  THE  VARIOUS  PERIPHERALS, 
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APPENDIX  A 
ASSEMBLY  LISTING 


An  actual  assembly  listing  is  presented  on  the  following  pages  to  illustrate  some  of 
the  topics  described  in  this  manual.  This  program  listing  consolidates  some  of  the 
routines  described  earlier  and  is  a  complete  firmware  package  (available  in  PROM) 
that  can  be  installed  and  run  on  the  IMP-16C  with  the  control  panel  described  in 
chapter  2.  The  program  is  assembled  at  location  FFOO-^g  and  occupies  the  top  page 
of  memory.  A  few  locations  in  base  page  read/write  memory  are  used  for  tempo- 
rary storage.      The  following  subroutines  and  procedures  are  included  in  the  listirg. 

1.  Control  Panel  Service  Routine 

2.  Panel  HALT  Interrupt  Routine 

3.  Teletype  Receive  Character  Subroutine 

4.  Teletype  Transmit  Character  Subroutine 

5.  Paper  Tape  Absolute  RLM  Loader 

6.  Paper  Tape   Loader  (BOOTSTRAP) 

7.  Tape  Punch  Program 

The  control  panel  described  in  chapter  2  is  required  for  this  program  package.      Addi- 
tional interface  hardware  required  are  the  circuits  depicted  in  figure  3-1. 

This  package  is  available  in  ROM  under  the  part  name  CUTIL.      The  two  teletype  rou- 
tines in  this  package  (SEND  and  RECV)  are  written  as  subroutines  so  they  may  be 
called  from  user  programs  with  the  JSR(§   instruction.      Entry  points  and  operating 
instructions  are  given  in  the  program  listings. 
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CUTIL  CONTROL    PANEL    AND    TTY    UTILITIES 


73227         09143181 
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1 

0000 

2 

ouoo 

3 

0000 

0001 

A 

4 

OOOO 

0002 

A 

5 

0000 

0003 

A 

o 

UOUG 

0004 

A 

7 

0000 

0005 

A 

8 

OOOu 

0007 

A 

9 

oooo 

0008 

A 

10 

0000 

OOOB 

A 

11 

0000 

oo  oc 

A 

12 

0000 

0000 

A 

13 

0000 

OOOE 

A 

14 

ouoo 

00  OF 

A 

15 

0000 

FFOO 

A 

16 

FFOO 

17 

FFOO 

18 

FFOO 

19 

FFOO 

20 

FFOO 

21 

FFOO 

ZZ 

FFOO 

.TITLE    CUTIL,       'CONTROL    PANEL    AND    TTY    UTILITIES* 
.AS  EC 
CI    = 


C2    = 
C3    = 
C4   = 
C5   = 
C7    = 
Cd  = 
Cll    = 
C12    = 
C13    = 
C14    = 
C15    = 
.=X«F 


T 

1 

2 

5 

4 

5 

7 

6 
11 
12 
13 
14 
15 

FOO 


ACO    =    0 

BIT    15    OF    ACO    IS    0 

BIT    0    OF    ACO    IS    1 

BIT    1    OF    ACO   =    1 

ACO    -•=    0 

START    CONDITION 

STACK    FULL    CONDITION 

ACO    LtEQ   0 

JUMP  COND. 1*  (MIREU  TO  "LOAD  AuDRtSS") 

JUMP  COND.  13  (MLRED  TO  "  LOAD  DATA") 

JUMP  COND.  14 

JUMP    COND.     IS    (MIRED    TO    "DISPLAY") 


THIS    UTILITIES    PACKAGE    CONTAINS    A    SIMPLE 
CONTROL    PANEL    ROUTINE    THAT    OPERATES    IN 
CONJUNCTION    WITH    THE    CONTROL    PANEL    KIT 
ICTLPLKlDt  AND    SOME    TELETYPE    ROUUNES 
TO    LOAD    PROGRAMS    AND    PUNCH    TAPES. 


ABSTTY    FOR    THE     IMP-16C 


23  FFOO 

24  FFOO 

25  FFOO 

26  FFOu 

27  FFOO 

28  FFOO 

29  FFOO 

30  FFOO 

31  FFOl 

32  FF^iZ 

33  FFOJ 

34  FF04 

35  FF05 

36  FFOO 

37  FF07 

38  FF08 

39  FF09 

40  FFOA 

41  FFOB 

42  FFOC 

43  FFOD 

44  FFOE 

45  FFOF 

46  FF10 

47  FF11 

48  FF12 

49  FF13 

50  FF14 

51  FF15 

52  FFlo 

53  FF17 

54  FF18 

55  FF19 

56  FF1A 

57  FF1B 

58  FF1C 

59  FFIO 

60  FF1E 

61  FF1F 


293C 
48FE 
21FD 
292B 
121F 
5C01 
1201 
2123 
5CFF 
3381 
2924 
3181 
4000 
5101 
290D 
290C 
3281 
290A 
2909 
3B00 
5305 
2906 
A200 
4A01 
3881 
3C00 
1204 
21F9 
291*: 
3100 
0200 
4400 


.PAGE  'ABSTTY    FOR    THE     IMP-16C 

LOADS    ABSOLUTE    PAPER    TAPE    1/1    RLM    FORMAT. 
EACH    RECORD    MUST    BE    PRECEDED    BY    STX. 

ENTRY    POINT    FOR    THIS    PROGRAM    IS:       FFOO 


ABSTTY:  JSR  REC 
AISZ  0, 
JMP    ABS 

TTYl:         JSR    RDP 


V 

-2; 

TTY 

CKi 
ttUC    2tT0RS; 
SHL    0.1 
BOC    2,. 


JMP  END 
SHR  0,1 
RCPY  0, 
JSR  RDP 
RCPY  0, 
PUSH  0; 
CAI  1,1 
JSR  ROM 
JSR  ROM 
RCPY  0, 
JSR  RDM 
JSR  RDM 
RADD  2, 
CAI     3,1 

TTY2:  JSR  RDM 
ST  0,(2 
AISZ  2, 
RCPY  2, 
RADD  3 
BOC  2,T 
JMP    TTY 

RDMDCK:  JSR  RDP 
KAUD  0, 
RTS 

TSICKSUM:    PULL 


♦2  J 
REC; 

3; 

CK 

li 


DCK; 

uCk; 

2; 

DCK; 

DCK; 

3 

♦4; 

DCk; 

) 

It 

o 

0 
STCKSUM; 

2 

CK 

1 


LOOK    FOR    START    OF    TEXT. 

PROCESS    RECORX)    CONTROL    INFORMATION. 
BRANCH    IF    TLTLE    OR    SYMBOL    RECORO. 

BRANCH    TO    DATA   RECORD, 

ELSE    GO    TO    END    RECORD. 

RECOKO   BODY    LENGTH    IN    AC3. 

SAVE    CHECKSUM. 

AC1    HAS    -(CKSUM    MODE    MORD). 

SLOUGH    ADDRESS    MODE. 

GET.   LOAD    AUURESS. 

LOAD    ADDRESS    IN   AC2. 

SL3UGH   REL3CATL0N    MODE    MORDS. 


AC3    HAS    -(LAST    ADDRESS   -    1). 
GET    DATA    MORD. 

INCREMENT  DESTINATION  ADDRESS. 


IF  DONE  TEST  CHECKSUM. 


GET.  CHECKSUM  MORD. 
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REVISION-C 

11/20/ 

12 

cunt 

CONTROL    PANEL    ANO    TTY    UTILITIE 

62 

FF20 

UUF 

A 

aut   ci.absity 

63 

FF2i 

3481 

A 

rcpy   i,u 

64 

FF2* 

ilUU 

A 

8GC    Cl.ABSTTY 

o:> 

FF23 

0000 

A 

HALT; 

66 

FF24 

6117 

A 

TORS: 

ANO    0.H3FFF; 

o7 

FF<:5 

3181 

A 

RCPY    0,  1 

oti 

FF26 

2908 

A 

JiR    KOPCK 

69 

FF*7 

49.FF 

A 

AISZ     1,-1 

7U 

FF28 

21F0 

A 

JMP    .-2 

71 

FF29 

2905 

A 

JSK     RDPCK 

7^ 

FF2A 

2105 

A 

jmp  absfty 

73 

FF28 

29o3 

A 

ENOREC: 

JSR    ROPoKi 

74 

FF2L 

i«^ 

A 

JSR    RoPCK; 

7a 

FF2U 

29oi 

A 

JS*    ROPCK ; 

76 

FF2t 

^UUU 

A 

jmp  o; 

77 

FF2F 

.SPACE    3 

7a 

FF2F 

4i00 

A 

RDPCK: 

PUSH     1 

79 

FF30 

290C 

A 

JSR    RECV 

80 

FF31 

5Co8 

A 

SHL     0,8 

81 

FF32 

4000 

A 

PUSH    0 

82 

FflJ 

2909 

A 

JSR    RECV 

83 

FF34 

4500 

A 

PULL     1 

84 

FF35 

3482 

A 

RXOR    1,0 

85 

FF36 

*5oo 

A 

tXlTll: 

POLL     1 

do 

FFJ7 

02  00 

A 

RTS 

87 

FF38 

652t 

A 

DELAY: 

LO    1,V2; 

dtt 

FF39 

49FF 

A 

AISZ    1,-1 

89 

FF3A 

21FE 

A 

JMP    .-1 

90 

FF3B 

0200 

A 

RTS 

91 

FF3C 

3FFF 

A 

H3FFF: 

.WURD   X  '3FFF 

73227         09143181 
PAGE    NUMBER  2 


CHECKSUM    ERROR. 

IGNORE    TITLE    ANO    SYMBOL    RECORDS. 


SlQUOH   CHECKSUM. 

SLOUGH    ENTRY    ADDRESS    M00E. 

GET    ENTRY    ADDRESS 
JUMP    LO    PANEL    ROUTINE. 


DELAY    SUBROUTINE 


TfcLfclYPE    L.ET    CHARACTER    ROUTINE 


92 

FF3U 

.PAGE          ' TELETYPE 

93 

FF30 

oooE 

A 

j  ci*  =   14; 

94 

ffiO 

oo03 

A 

READK    =    3; 

95 

FF3D 

0004 

A 

XMI T    =    4; 

v& 

FF3D 

0001 

A 

CI    =    1 

97 

FF30 

o002 

A 

C2    =    2 

98 

FF3D 

41uO 

A   RECV: 

PUSH    1; 

99 

FF3E 

4200 

A 

PUSH    2 

100 

FF3F 

0A60 

A 

PFLG    2; 

101 

FF*0 

4E08 

A 

Ll    2,<ii 

102 

FF41 

UBOO 

A 

SFLo    READR 

103 

FF42 

lfcul 

A 

BOC    JC14,.+2i 

104 

FF43 

21FE 

A 

JMP    .-l; 

105 

FF44 

05^:1 

A 

LD    IfVl; 

106 

FF*5 

29F3 

A 

JSR    OELAY+i; 

107 

FF46 

OB80 

A 

PFLG   reauk; 

108 

FF47 

1E01 

A 

BOC    JC14,  ,*2J 

109 

FF*b 

21Ft> 

A 

JMP    RECV*2 

110 

FF49 

29EE 

A    REP: 

jsr   delay; 

111 

FF  4A 

5CFF 

A 

SHR   o,i; 

112 

FF48 

1E01 

A 

auc   jci4,.+2; 

113 

FF*C 

6918 

A 

UR    0.H8OOO; 

il4 

FF4D 

4AFF 

A 

ALSZ   2,-1; 

115 

FF4E 

<UFA 

A 

JMP    REP; 

116 

FF4F 

29E8 

A 

jsr   delay; 

117 

FF50 

5CF8 

A 

SHR    0,8; 

118 

FF51 

4600 

A 

PULL    2; 

119 

FF52 

21E3 

A 

JMP    EAlTll; 

120 

FF53 

t 

OET    CHARACTER    ROUTINE* 

INPUT    JUMP    CONDITION. 
READER    ENABLE    FLAG. 
TTY    TRANSMLT    FLAG. 


SAVE    ACCUMULATORS. 

DISABLE    LINK. 

SET    COUNT    FOR    8    BITS. 

TEST    FOR    START    BIT. 

LOUP    UNTIL    FOUND. 
LOAD    TLMl^G    PARAMETER. 
DELAY    HALF    BLT    TIME. 

TEST    FOR  DATA    BI  T. 


DECREMENT    COUNT. 


THIS    STEP    DUNE    TO    SAVE 
PROGRAM    STORAGE    SPACE. 


(listing  continued) 
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TRANSMIT    CHARACTER    ROUTINE 
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PAGE    NUMBER  3 


121 

FF5j 

.PAGE              -T 

122 

FF53 

4200 

A 

SfcNO: 

PUSH    21 

123 

FF5<» 

4100 

A 

PUSH    l; 

12* 

FF55 

ocoo 

A 

SFLG    AMU; 

125 

FF56 

Z9E1 

A 

JSR    delay; 

126 

FF57 

4E08 

A 

CI    2,u; 

127 

FF58 

oCdu 

A 

PUT; 

PFLG    XMIT; 

12B 

FF59 

13U1 

A 

BOC    3,*XX 

129 

FF5A 

OLOO 

A 

SFLG    XMIT; 

13U 

FF5b 

<:9DC 

A 

SAX: 

JSR    OELAV; 

131 

FF5C 

5CFF 

A 

SHR    0,1  ; 

132 

FF50 

4AI-F 

A 

AISZ    2,-1 ; 

133 

FF5t 

21F9 

A 

JMP    PUT 

134 

FF5F 

0C8U 

A 

PFLG    AMH; 

135. 

FF60 

2907 

A 

JSR    UELAY; 

136 

FF61 

2906 

A 

JSR    UELAYi 

137 

FF62 

4500 

A 

PULL     1 

138 

FF63 

4600 

A 

PULL    2 

139 

FF64 

02  00 

A 

RTS 

140 

FF65 

duou 

A 

H8UoO: 

.WUKD    A'tJUOU 

1*1 

FF©6 

0181 

A 

Vis 

.WURO    X'Olbl 

142 

FF67 

03  5E 

A 

V2: 

.WORD    A'u35t 

•TRANSMIT    CHARACTER    ROUTINE* 

SAVE    ACCUMULATORS. 

SENO    START    BIT. 

SET    BIT    COUNT. 


SENO    OATA    BIT. 
TEST    TO    SfcE    IF    DONE 
SEND    TWU    STOP    BITS. 


AttiPT 


143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
lo3 
164 
165 
106 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
17? 
178 
179 
180 
181 


FF6b 
FF68 
FF6d 
FF68 
FF68 
FF68 
FF68 
FFAd 
FF68 
FF68 
FF68 
FF69 
FF6A 
FF6B 
FF68 
FF6C 
FF60 
FF6E 
FF6F 
FF70 
FF71 
FF72 
FF73 
FF74 
FF75 
FF7o 
FF77 
FF78 
FF79 
FF  7A 
FF7B 
FF  7C 
FF70 
FF7E 
FF7F 
FF80 
FF81 
FF82 
FF83 


4004 
2906 
3B81 

4004 
2903 
ABOO 
C045 
21FB 
29CC 
6117 
F11C 
2U1 
Flld 
21FA 
F117 
2iFd 
7112 
2105 
7111 
2102 
4C03 
200u 
C109 
61UA 
5E04 
3282 
49FF 
21EC 


A  LOJPl; 

A 
A 


L00P2: 


PTBUUT. 
PACK: 


,PAi,E    'ABSPT' 

THLi  IS  A  PAPER  TAPE  BOOTSTRAP  ROUTINE  THAT 
READS  8  CHANNEL  TAPE.  THE  FIRST  4  WORDS 
DENOTt  THE  SIART1NG  ADDRESS  FOR  THE  OBJECT 
PRUOKAM  BEING  LOADED.  THE  LAST  CHARACTER 
UN  THE  TAPE  MUST  BE  AN  EXCLAMATION  MARK. 

ENTRY  POINT  FOR  THIS  PROGRAM:   FF68 


ALFA: 

NUM: 


LI     1,4 
JSR    PTBUOT 
RCPY    2,3; 

LI     1,4; 
JSR    PTBOOT 
ST   2,(3); 

AOU    3, ONE; 
JMP    LU0P2 
JSR    RECV; 
AND    O.MiNPAR; 
SKNE    O.EXCLAM; 
JMP    $OUT 
SKNE    U.CRETRN; 
JMP    PTBOOT 
SKNE    0,L1NEFD; 
J  MP    P  T  d  UG  T 
iKAZ    U.NuMBfcR; 
JMP    I^UM 
SKAZ     0, ALPHA; 
JMP    ALFA 
Ll    0,3; 

JMP   o; 

ADO    O.NINt; 
ANU    0.MSK1 
SHL    2,4 
RXOK    0,2 
AISZ     1,-1 
JMP    PTBOuT 


READ    FIRST    4    HOROS;     THI.S    IS    THE 
START  ING    ADDRESS. 


REAO    AND    STORE    4    HEX    WORDS. 
INCREMENT    MEMORY    ADDRESS. 

GEl    ONE    WORD. 

MASK    OOT    PARLTY    BIT. 


IGNORE       CARRLAGE    RETURN. 
IGNORE    LINEFEED. 


ERROR    CUUE:     INVALID    CHARACTER. 
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182 

FF8* 

02uO 

A 

RTS 

163 

FF85 

*300 

A 

(OUT: 

PULL     1 

Id* 

FFao 

*1>00 

A 

PULL     1 

163 

FF87 

2131 

A 

JMP    START; 

186 

FFod 

0009 

A 

NINE: 

.NURO    9 

167 

FF89 

uO  7F 

A 

MSKPAR: 

.WORD    0  7F 

166 

FF6A 

O00F 

A 

MSKl: 

.riJRD    OF 

i.dv 

FFob 

0030 

A 

NUMBER: 

•  WORD    030 

190 

FF8C 

00*o 

A 

ALPHA: 

.WURU    o*o 

19L 

FF6U 

oooo 

A 

CRETKN: 

.  rfURU    0  0 

192 

FF8t 

OuOA 

A 

LINEFJ: 

.  WURO    uA 

193 

FF8F 

002 1 

A 

EXCLAM: 

.WORD    021 

ASCII  TAPE  PUNCH  ROUTINE 


19* 

FF90 

.PAot               »ASCI 

19!) 

FF9o 

196 

FFSiO 

THIS 

197 

FF90 

THE    0 

198 

FF90 

MEMUR 

19* 

FF90 

THE    T 

Z\J\J 

FF90 

LucAI 

201 

FFVU 

AN    EX 

zoz 

FF90 

BY    TH 

203 

FF9o 

PTBOU 

20* 

FF90 

PROCR 

Z05 

FF90 

START 

206 

FF90 

UUMPE 

207 

FF90 

UF    TH 

<:08 

FF9u 

TAPE 

209 

FF90 

ANU    L 

21u 

FF9u 

^11 

FF90 

360l 

A 

PIPNCH: 

Hy.Pt    2tO; 

212 

FF9i 

CU22 

A 

AOO    3, ONE; 

213 

FF9^ 

*0u* 

A 

ASC: 

LI    l,*; 

21* 

FF93 

i>ao* 

A 

RUL    o,*; 

2l!> 

FF9* 

*oou 

A 

PUSH   o; 

216 

FFVu 

olF* 

A 

AND    O.MiM; 

Zil 

FF96 

EIFj. 

A 

SKG   o.nine; 

21a 

FF~il 

2lU 

A 

JHP     $N0 

219 

FF96 

OlEi- 

A 

Sub    O.NINt; 

ZZJ 

FF99 

*8C0 

A 

AISZ     0,-6* 

221 

FF9A 

29a8 

A 

UUTTU 

JSR    SENO; 

Z<.Z 

f  F98 

*9FF 

A 

a  is  2   1,-1; 

2^3 

FF9C 

iluB 

A 

JMP    RETN 

22* 

FF9U 

3Cci 

A 

RCPr    s,o; 

225 

FF9E 

3882 

A 

RxJR    Z,o; 

226 

FF9F 

HOC 

A 

aoc    1,*EXCL; 

227 

FFAo 

alEC 

A 

LD    0,CRETRN; 

ZZ6 

FFA1 

<;9Bi 

A 

jsr   send; 

229 

FFA<: 

alta 

A 

LU    O.LINEFO; 

ZiJ 

FFA3 

29AF 

A 

JSR     sENO; 

231 

FFA* 

**00 

A 

PULL    o; 

ZiZ 

FFAi 

6<.0u 

A 

lo  yJttzi; 

233 

FFAo 

C9uD 

A 

AOO    ^,UNE; 

Zi^t 

FFA7 

21EA 

A 

JMP    ASC; 

Zib 

FFAd 

**uU 

A 

RETN: 

PULL     J 

23o 

FFA9 

*1E9 

A 

JMP    ASC+1 

237 

FFAA 

*aao 

A 

SNU: 

AliZ    Oi-du; 

Z38 

FFAa 

21EE 

A 

JMP    UUTT1 

239 

FFAL 

6lt2 

A 

*EXCL: 

LO    0, EXCLAM; 

Z'tU 

FFAu 

29A3 

A 

JSR    SENO; 

2*1 

FFAE 

2000 

A 

jmp  o; 

•ASCII  TAPE  PUNCH  ROUTINE* 


PROGRAM  PUNCHE 
ONTENTS  OF  A  S 
Y  LuCATlONS.  T 
APE   ARE  THE  A 
IUN.  THE  LAST 
CLAMATION  MARK 
IS  ROUTINE  MAY 
T  ROUTINE.  BEF 
AM,  AC2  MOST  B 
1NG  AOORESS  OF 
0  AND  AC3  MOST 
E  RANGE.  EACH 
ARt  SEPARATED 
LNEFEEO  CHARAC 


S  UOT  ON  PAPtK  TAPE 
PECIFIEO  RANGE  OF 
HE  FIRST  *  WOROS  ON 
OORESS  OF  THE  STARTING 
WORD  ON  THE  TAPE  IS 
.  PAPER  TAPE  GENERATED 

BE  LOAOEO  OSING  THE 
ORE  EXECUTING  THIS 
E  LOADED  WITH  THE 

THE  RANGfc  TO  BE 

HAVE  THE  FINAL  AOORESS 
SET  OF    *  WORDS  ON  THE 
BY  CARRIAGE  RETURN 
TERS. 


COPY  STARTING  ADDRESS  LNTO  ACO. 
COUNT  FOR  *  HEX  CHARACTERS. 


TRANSMI T  CHARACTER. 

LOOP  UNTIL  *  CHARACTERS  SENT. 

CHECK  TO  SEE  IF    END  JF 

MEMQRV  RANGE. 
END  OF  DATA. 

TRANSMIT  CARRIAGE  RETURN. 

TRANSMIT  LINEFEEO. 
PDP  TOP  WORD  TO  CLEAR. 
at  0.1  N  DATA  TRANSMISSION. 
POINT  TO  NEXT  LOCATION. 


TRANSMIT  EXCLAMATION  MARK. 


(listing  continued) 
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l<*l 

FFAF 

.PAGE               «CONT 

243 

FFAF 

CUTIL    CONTROL    P 

24* 

FFAF 

245 

FFAF 

246 

FFAF 

247 

FFAF 

24b 

FFAF 

249 

FFAF 

250 

FFAF 

FFB1 

A 

.=X«FFB1 

251 

FFB1 

2lBb 

A 

JSTRT: 

•  WORD    X*2iB8 

252 

FFB2 

21EF 

A 

JINTR: 

.WORD    X*21fcF 

2>3 

FF&l 

U005 

A 

FIVE: 

.WORD          5 

254 

FFB4 

uUul 

A 

ONE: 

-  WJKO           1 

255 

FFB5 

bOFC 

A 

BEGIN: 

LO    3, JINTR 

25b 

FFbo 

ACul 

A 

ST    3,x»oi ; 

257 

FF87 

8DF9 

A 

LO    3, JSTRT; 

25b 

FFBb 

ACOO 

A 

ST   3,x*  Oo; 

259 

FFB* 

^92F 

A 

S  T  AR  r  : 

JSR    SAVE               ; 

260 

FF8A 

0900 

A 

Stl: 

SFLu    l                   ; 

*ol 

FFBB 

u6UU 

A 

ROOT: 

ROUT    0 

2b2 

FFBC 

1C04 

A 

WAIT: 

BOC    I.U.LA          i 

203 

ffbd 

IDUA 

A 

BJC    C13.LU          i 

204 

FFdt 

171u 

A 

BOC    C7,EX; 

265 

FF6F 

1F25 

A 

BOC    C15,D1:>P    i 

2ob 

FFCO 

^1F6 

A 

J MP    .-4                  J 

267 

FFC1 

1CFF 

A 

LA: 

BOC    C12,LA          ; 

2oa 

FFC2 

04uw 

A 

KIN    o                        i 

269 

FFCJ 

32bl 

A 

KCPY    0,1               i 

270 

FFC4 

iitii 

A 

RCPY    0,3 

271 

FFC5 

E1E0 

A 

SKG    0,F 1VE; 

272 

FFCb 

1213 

A 

BOC    C2,KSRVfc 

273 

FFC7 

21F3 

A 

JMP    ROUT 

2  74 

FFCb 

10FF 

A 

LO: 

BJC    C13.LU; 

275 

FFC9 

0400 

A 

rin   o; 

27b 

FFCA 

F934 

A 

SKNE    2,LAiT6; 

277 

FFCb 

21F0 

A 

JMP    MAI  r 

278 

FFCC 

A2uO 

A 

si   j, til            ; 

279 

FFCD 

C9E* 

A 

AOO    2,0Nfci 

280 

FFCE 

21tC 

A 

JMP    ROOT 

261 

FFCF 

17FF 

A 

EX: 

BUC    C7,EX             ; 

282 

FFOO 

O4O0 

A 

RIN    0 

2b3 

FFD1 

4000 

A 

push   o                ; 

2d<* 

FF02 

84  oo 

A 

kstor: 

LO    l.A'Uo 

265 

FFOJ 

4100 

A 

PUSH     1 

2db 

FFU4 

02BO 

A 

PULLF 

267 

FFDa 

00u2 

A 

LO    0,K'Ol              i 

2ba 

FFD6 

8403 

A 

LO    1,X*03 

269 

FF07 

68o4 

A 

LO    2,X«  04 

290 

(■(■OH 

bC05 

A 

LO    J,X'05 

291 

FFD9 

ulOo 

A 

KTS     0                          i 

292 

FFOA 

ObOO 

A 

RSRVE: 

ROOT     0 

*93 

FFUB 

10u5 

A 

6Jl     C13.LDAC 

294 

FFOL 

IFol 

A 

BOC    C15.01SPAC 

^95 

FFOO 

21F0 

A 

JMP     .-2 

29b 

FFOE 

1FFF 

A 

ul SPAC: 

BOC     C15.01SPAC; 

*97 

FFOF 

83u2 

A 

LO    0,ll 3) 

298 

FFEO 

ilOA 

A 

JMP    ROUT 

299 

FFE1 

10FF 

A 

LOAC: 

BOC    C  13,  LOAC 

3uU 

FFE2 

1/400 

A 

Kh     0 

301 

FFE3 

A2u2 

A 

!>I    0  ,li It 

SOI 

FFEh 

*lUb 

A 

JMP     KOUT 

303 

FFk5 

1FFF 

A 

OlSP: 

tiUi.     C  15,0  ISP 

304 

FFEb 

83oo 

A 

LO    0,43) 

3w5 

FFE7 

COCC 

A 

AOO    3, ONE  i 

•CONTRUL  PANEL  ROUTINE* 

MEL:    JULY  31,  1973. 

THIS  CONTROL  PANEL  OSES  ALL  DEVICE 
AOORESSES;  THAT  IS,  NO  AOORESS 
DECODING  IS  ASSUMED,  AND  THE  PROGRAM 
MILL  RESPOND  TO  ALL  'RIN1  AND  'ROUT* 
INSTRUCTIONS. 


LOAD  LOCATION  1  WITH  JUMP  TO  INTERRUPT 

LOAu  LOCATION  0  WITH  JUMP  TO  CONTROL  PANEL 
SAVE  ACCUMULATORS. 
ENABLE  INTERRUPT  SYSTEM. 

'LOAD  AUOKEii'  SWITCH. 
•LOAD  DATA*  SWITCH. 
•EXECUTE'  SWITCH. 
•DISPLAY*  SWITCH. 
RETORN  TO  WAI T  LOOP. 
CHECK  RELEASE. 
READ  SWR. 
SAVE  ADDRESS  LN  AC2. 

PREVENT*  LOADING  OF  RESERVEO  LOCATIONS 


CHeCK  K.ELEASE  FOR  LOAD  DATA  SwI.TCH 

READ  SW  ITCHES 

PREVENTS  LOADING  LOCATION  b. 

LOAD  MEMORY 
INCREMENT  ADDRESS 

CHECK  RELEASE 

SAVE  JUMP  ADDRESS  LN  STACK. 


RESTORE  ACCUMULATORS. 


FAKING  AN  INDIRECT  JUMP. 


DISPLAY  ACCDMOLATOR  ROUTINE 


INCREMENT  AOORESS 
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SUPPLEMENT  1 


REVIS10N-C    ii/20/72 
CCI1L  CONTROL    PANEL 

CCNTRUL    PANEL    ROUTINE 

306    FFEb    *.1D2    A 


SAVE: 


ANO 


3o7 

FFfcSt 

iOti 

FFE9 

AOOl 

A 

309 

FFEA 

A403 

A 

310 

FFEB 

Abu'. 

A 

311 

FFEC 

ACU5 

A 

312 

FFEO 

OOSkJ 

A 

313 

FFtE 

4i00 

A 

314 

FFEF 

A406 

A 

315 

FFFo 

u^uU 

A 

316 

FFF1 

I    TTV    UTILITIES 

JMP    ROOT 

ST    0,X« 

oi          ; 

ST    LtA1 

03 

iT    2, A* 

04 

ST    3,X- 

05 

POSHF 

POLL     1 

ST    1,X» 

06; 

RTS    0 

SAVE    AGO 


73227         09i43181 
PAGE    NUMBER  6 


AC3    IN    LOCATIONS    X«G2    -    X'05. 


SAVE    FLAGS     IN    LOCATION    6. 


INTERRUPT    SERVICE    ROUTINE    FOR    HALT    AND    STACK.FOLL 


317 

FFF1 

.PAGE 

31b 

FFF1 

t 

319 

FFF1 

4CFF 

A 

INTRi 

LI     0,-1 

320 

FFF2 

1803 

A 

BUG    C8. 

321 

FFF3 

29F5 

A 

JSR    SAV 

32* 

FFF4 

440U 

A 

PULL    0 

323 

FFF5 

40U0 

A 

PUSH    0 

32  4 

FFF6 

06OO 

A 

STFL: 

ROOT    o; 

325 

FFF7 

0000 

A 

ZERO: 

HALT; 

326 

FFFb 

0400 

A 

rin   u; 

327 

FFF9 

1102 

A 

80C    Cl, 

S16 

FFFA 

2907 

A 

JSK    RST 

329 

FFFb 

oiuo 

A 

RTI    ; 

330 

FFFC 

i 

331 

FFFC 

44oU 

A 

PULL    0 

332 

FFFU 

zlBC 

A 

JMP    SET 

333 

FFFt 

21B6 

A 

J  MP    BEG 

334 

FFFF 

uuoo 

A 

LAST6: 

.  WORD    3 

335 

000 

.  ENO 

•INTEKRUPT    SERVICE    ROUTINE    FOR    HALT    ANO    STACKFULL* 


STFL; 

£;     SAVE  ACCUMULATORS  LN  LOCATIONS 


IN 


2,3,4    AMD    5. 


READ    SWITCHES 

.4-3;        LF    SWITCHES    ARE  SET    TO    ALL    ZEROS,     •EXECUTE*     CAUSES. 

OR;  A    RETURN    TO   THE  CONTROL    PANEL    ROUTINE. 

IF    SMITCHfS   ARE  SET    TU    ANV    NON-ZERO    NUMB  ER,  •  EXECOT  E 

CAUSES    A    NORMAL  RETURN    FROM    INTERRUPT. 


RETURN    TO    CONTROL    PANEL    ROUTINE. 


****** 


0    ERRUftS     IN    AijEMtiLV 


(listing  continued) 
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SUPPLEMENT  1 


REViSIUN-C    1W2U/72  73227  091<»3i81 

CUTlL  CONTROL    PANEL    ANO    TTY    UTILITIES  PAGE    NUMBER  7 

INTtRRUPT    SEKVICt   KUUTINE    FUK    HALF    AND    STALKFULL 

kEXCi.        VNu  »JUT  $aX  AdSTTY    ALFA  ALPHA  ASC  bEOlN  CI 

FFAC    A    FFAA    A    FFbi>    A    FFiB    A    FFOO    A    FF7E    A    FFdC    A  FF92    A  FFBt>    A  OUOl    A 

Cli  C12  (.13  CI*  LL5  o2  Ci  C*  C5  C7 

OOOb    A    UUUC    A    JOUD    A    OUoE    A    OOJF     A    0002    A    JOul    A  000*    A  000t>    A  0007    A 

C8  CRETKN    OtLAr       OlSP         OlSPAL    ENUREC    EX  EXCLAM  EXlTil  FIVE 

OUOB    A    FFdO    A    FF3B    A    FFtt>    A    FFOE    A    FF2d    A    FFCF    A  FF8F    A  FF36    A  FFB3    A 

H3FFF       HdOOo       1NTK  JCl*  J I N  IK       JiTRI       LA  LAS  T.6  LO  LDAC 

FF3C    A    FFo5    A    FFFi    A    OOOE    A    FFB2    A    FFB1    A    FFL1    A  FFFF    A  FFCb    A  FFE1    A 

UNEFO    LUUP1       LCUP2       MSK  i         MSKPAR    N1NE~        NOM  NUMBER  ONE  0UFT1 

FFBt    A    FFoo    A    FFbo    A    FFBA    A    FFd9     A    FFbb    A    FF7F    A  FF8  b    A  FFB4    A  FF9A    A 

PACK  PTBCOT    PTPNCH    PUT  ROPCK.       ROWOCK    REAUK  REC V  REP  REIN 

FF7A    A    FF/o    A    FF90    A    FFi>b    A    FF2F    A    FFiC    A    00o3    A  FF3U    A  FF49    A  FFA8    A 

ROUT  KSKVE       RSTOK       SAVE         it  NO  SET  STAkT  STFL  TORS  TSTCKS 

ff-aa    A    FFUA    A    FF02    A    FFE9    A    FF53    A    FFBA    A    FFd9    A  FFF6    A  FF2*    A  FF  IF    A 

TTV1  ITY2  VI  V2  WAIT  XMIT  ZERO 

FF03    A    FF15    A    FF66    A    FF67    A    FFBC    A    uuJ<i    A    FFF7    A 


dfttd  A617 
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FEDERALLY  COORDINATED   PROGRAM  OF  HIGHWAY 
RESEARCH  AND   DEVELOPMENT    (TCP) 


The  Offices  of  Research  and  Development  of  the 
Federal  Highway  Administration  are  responsible 
for  a  broad  program  of  research  with  resources 
including  its  own  staff,  contract  programs,  and  a 
Federal-Aid  program  which  is  conducted  by  or 
through  the  State  highway  departments  and  which 
also  finances  the  National  Cooperative  Highway 
Research  Program  managed  by  the  Transportation 
Research  Board.  The  Federally  Coordinated  Pro- 
gram of  Highway  Research  and  Development 
(FCP)  is  a  carefully  selected  group  of  projects 
aimed  at  urgent,  national  problems,  which  concen- 
trates these  resources  on  these  problems  to  obtain 
timely  solutions.  Virtually  all  of  the  available 
funds  and  staff  resources  are  a  part  of  the  FCP. 
together  with  as  much  of  the  Federal-aid  research 
funds  of  the  States  and  the  NCHRP  resources  as 
the  States  agree  to  devote  to  these  projects." 


FCP   Category   Descriptions 

1.  Improved    Highway   Design   and    Opera- 
tion for  Safety 

Safety  R&D  addresses  problems  connected  with 
the  responsibilities  of  the  Federal  Highway 
Administration  under  the  Highway  Safety  Act 
and  includes  investigation  of  appropriate  design 
standards,  roadside  hardware,  signing,  and 
physical  and  scientific  data  for  the  formulation 
of  improved  safety  regulations. 

2.  Reduction     of    Traffic     Congestion    and 
Improved  Operational  Efficiency 

Traffic  R&D  is  concerned  with  increasing  the 
operational  efficiency  of  existing  highways  by 
advancing  technologv.  by  improving  designs  for 
existing  as  well  as  new  facilities,  and  by  keep- 
ing the  demand-capacity  relationship  in  better 
balance  through  traffic  management  techniques 
such  as  bus  and  carpool  preferential  treatment, 
motorist  information,  and  rerouting  of  traffic. 


*  The  complete  "-volume  official  statement  of  the  FCP  is 
available  from  the  National  Technical  Information  Service 
(NTIS),  Springfield,  Virginia  221G1  (Order  No.  PR  2420oT. 
price  $4J>  postpaid).  Single  copies  of  the  introductory 
volume  are  obtainable  without  charge  from  Program 
Analysis  (HRD-2).  Offices  of  Research  and  Development. 
Federal    Highway    Administration,    Washington,    P.O.    20r>00. 


3.  Environmental  Considerations  in  High- 
way Design,  Location,  Construction,  and 
Operation 

Environmental  R&D  is  directed  toward  identify- 
ing and  evaluating  highway  elements  which 
affect  the  quality  of  the  human  environment. 
The  ultimate  goals  are  reduction  of  adverse  high- 
way and  traffic  impacts,  and  protection  and 
enhancement  of  the  environment. 

4.  Improved  Materials  Utilization  and  Dura- 
bility 

Materials  R&I)  is  concerned  with  expanding  the 
knowledge  of  materials  properties  and  technologv 
to  fully  utilize  available  naturally  occurring 
materials,  to  develop  extender  or  substitute  ma- 
terials for  materials  in  short  supply,  and  to 
devise  procedures  for  converting  industrial  and 
other  wastes  into  useful  highway  products. 
These  activities  are  all  directed  toward  the  com- 
mon goals  of  lowering  the  cost  of  highway 
construction  and  extending  the  period  of  main- 
tenance-free operation. 

5.  Improved  Design  to  Reduce  Costs,  Extend 
Life  Expectancy,  and  Insure  Structural 
Safety 

Structural  R&D  is  concerned  with  furthering  the 
latest  technological  advances  in  structural  de- 
signs, fabrication  processes,  and  ((instruction 
techniques,  to  provide  safe,  efficient  highways 
at  reasonable  cost. 

6.  Prototype  Development  and  Implementa- 
tion of  Research 

This  category  is  concerned  with  developing  and 
transferring  research  and  technologv  into  prac- 
tice, or.  as  it  has  been  commonlx  identified. 
"technology  transfer." 

7.  Improved  Technology  for  Highway  Main- 
tenance 

Maintenance  R&D  objectives  include  the  develop- 
ment and  application  of  new  technology  to  im- 
prove management,  to  augment  the  utilization 
of  resources,  and  to  increase  operational  efficiency 
and  safety  in  the  maintenance  of  highway 
facilities. 


«m 


R&D 


